


VoL. XXIII. {AuGusT, 1901. ] 


THE JOURNAL 


AMERICAN CHEMICAL SOCIETY. 





RESEARCHES ON NITROCELLULOSE. 


By G. LUNGE. 
Received June 26, 1902. 
CONTENTS. 
Introduction. 
I. General remarks on the methods employed for nitrating the cellulose. 
II. Analytical methods. 
A. Estimations of nitrogen. 
B. Solubility in ether-alcohol. 
C. Analysis of mixed acids. 
D. Examination under the polarization microscope. 
E. Behavior of nitrocellulose towards iodine. 
F. Estimation of unchanged cellulose in nitrocelluloses. 
III. Methods for obtaining the various nitrocelluloses. Former views on 
the formulas of nitrocelluloses. 
. On the highest stage of nitration obtainable from cellulose. 
. Various conditions to be observed in the nitrating process. 
. Influence of water on the nitrating process. 
. Influence of temperature. 
. Influence of varying the proportions of sulphuric acid. 
. Formation of oxycellulose in the nitrating process. 
. Solubility of nitrocelluloses in ether-alcohol. 
. Influence of the lower oxidés of nitrogen in the acid mixture on 
the stability of nitrocellulose. 
I, Behavior of different commercial grades of cotton in nitration, es- 
pecially for the manufacture of collodion cotton. 


INTRODUCTION. 
The work reported in the following pages has been carried 
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out during the years 1897 to 1900, the first part with the coop- 
eration of Dr. Weintraub, the second with that of Dr. Bebie.' In 
the description which I shall give of these researches, I shall not 
adhere to their chronological sequence, but group them in their 
logical order, the later researches being sometimes only confirma- 
tory or supplementary to some carried out at a previous stage, 
and sometimes modifying the conclusions previously arrived at. 
This present report consequently affords a clearer picture of the 
ultimate results of our work than the separate German publica- 
tions, and embodies also a few facts that later came to my know- 
ledge. 

The object’of this investigation was to study the conditions under 
which nitrocelluloses of various composition and various proper- 
ties can be regularly and with certainty prepared, and te establish 
both the composition and the properties of the products obtained 
under varying circumstances with greater accuracy than had been 
done up to that time, as witnessed by the considerable discrepan- 
cies among the statements of different authors. 

My ultimate object was to try whether the technology of nitro- 
celluloses could not be advanced somewhat more beyond the clas- 
sical researches of Sir Frederick Abel than had been done by the 
various publications of subsequent authors, meritorious as these 
are, especially as their opinions differ in important matters, and 
sundry points of great moment had not been at all elucidated. 

It is hardly necessary to say that I cannot pretend to approach 
the unique work of Abel, if for no other reason, because the work 
of my cooperators and myself was confined to the resources of a 
well equipped laboratory, whereas he had an opportunity of testing 
his results on a large scale, and thereby, as all the world knows, 
laid the foundation of the present industry of guncotton. Nor is 
it necessary to say that very possibly similar work to that which 
we have carried out at Zurich may have been done in the secrecy 
of factory laboratories, and the result applied to practice. Of this 
secret work, if such has been done, I have absolutely no knowl- 
edge, nor is it the property of the industrial world in general, and 
the science of technology is thereby no more benefited than are 
the interests of other manufacturers than those for whom it has 
been specially undertaken. I make this remark in view of the 


1 Compare the former with: Zéschr. angew. Chem., 1899, pp. 441 and 467 ;.the latter isin 
course of publication in the same Zeitschrift. 
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possibility that after my publication somebody may say that 
this or that part of my results has been already known to 
him. Such g7ivate information should not debar others from pur- 
suing the path of knowledge in the general interest of science and 
industry. But Iam not aware of any such work having been 
done privately on the same lines as ours, and I can only deal with 
what is to be found in literature. 


I. GENERAL REMARKS ON THE METHODS EMPLOYED FOR 
NITRATING CELLULOSE. 


The material employed throughout the work (except for the 
special purpose described in Section III, 7), was the so-called 
‘chemically pure surgical cotton wool.’’ In order to remove the 
last traces of fat, it was boiled for some time in a weak solution 
of sodium carbonate, well washed with water and extracted with 
alcohol and ether. The percentage of ash found = 0.06 per 
cent. on the average of several estimations. Immediately before 
nitration the cotton wool was dried at 100° till the weight was 
nearly constant, allowed to cool in the desiccator, and at once 
placed in the nitrating vessel. 

The acid mixtures were made from weighed quantities of 
‘chemically pure’’ sulphuric acid (sp. gr. 1.84) and fuming ni- 
tric acid (sp. gr. 1.52). The former as used for the first part of 
this work showed an analysis of 95.62 per cent. H,SO,, the latter 
93-76 per cent. HNO,, and from 1 to 2 percent. lower oxides 
which were removed in the ordinary way. .For the second part 
of the work, where more particular attention was paid to the ex- 
act percentage of water present, the mixture was always analyzed 
when complete, and its exact composition is stated in the respec- 
tive sections. 

For carrying out the nitrations the apparatus shown in Fig. 1 
wasemployed. A stout cylindrical jar, 4, was closed by means of 
a tightly ground-in glass cover, B, provided in the center with a 
drop-funnel, C, and on one side with a tube, D, bent at a right an- 
gle and closed by a glass tap, both of them sealed to the glass 
cover &. The latter was further perforated for admitting a ther- 
mometer, £, which was fixed perfectly tight by means of asbestos 
and sodium silicate solution. 

The cellulose was placed in the jar, the cover put on, and the 
acid mixture poured into the drop-funnel. The lateral tube was 
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connected with a good Bunsen pump, and nearly all the air wasthus 
removed from the jar and the 
cotton wool. Now the con- 
nection with the Bunsen pump 
was shut off, and the acid 
slowly run in from the drop- 
funnel. For nitrating at 
higher than the ordinary tem- 
peratures the acid mixture 
was heated a little above the 
desired temperature, placed in 
the drop-funnel, and after 
cooling down to the proper 
' point, run on thecotton. The 
temperature within the vessel 
was regulated by placing it in 
a large water-bath. Some- 
times, in the case of operations 
taking a long time and going 
on over night where temper- 
ature observations were im- 
possible, the described appa- 
ratus was replaced by ordi- 
nary wide-mouthed jars with 
Fig. 1. ground-in stoppers. 

When the action of the acid had lasted sufficiently long it was 
separated from the nitrocellulose first by decantation and secondly 
by the action of the vacuum pump, employing a porcelain funnel 
with porcelain sieve. The mass was placed in cold water and 
quickly moved about in order to avoid any considerable rise of 
temperature. The washing was performed first with cold, then 
with hot, water, and before each renewal of the water the nitro- 
cellulose was again freed from liquid by means of the vacuum 
funnel. 

The washing requires various lengths of time, according to the 
physical structure of the nitrocelluloses,—usually two or three 
days. Lateron we shall describe the washing processes employed 
in special cases. 

The mode of operation just described could be employed only 
in those cases where the nitrocellulose retained a structure similar 
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to that of the cotton fiber. When employing acid mixtures con- | 
taining a large excess of sulphuric acid, this structure is de- 
stroyed ; this product consists of short fibers, suspended in the 
liquid. In this case, after the nitration has been completed, the 
whole was poured into an excess of ice-water and then filtered 
through a porcelain funnel whose sieve-plate was covered with 
linen or filter-paper. The nitrocel- 

lulose was then washed by decanta- | 


tion in a large Erlenmeyer flask. 
After washing, the nitrocellulose 
was dried either in a vacuum-desic- 1 
cator protected against light or else Ey 
in a special apparatus shown in 
Figs. 2 and 3, by means of a current 
of dry air ata temperature of 40° in 
the earlier, or from 30° to 32° in the 
later experiments, (the latter tem- 
perature having been found to be 
sufficiently high). For this purpose 
the product was placed in a cylin- 
drical glass vessel, A, contracted at 
the bottom into a tube a, bent ata 
right angle. Just above the con- 
centration a porcelain sieve, 4, is 
placed, on which the nitrocellulose 
rests. The top is closed by a 
ground-in glass cover, ¢, with a lat- 
eral tube, d, and a hole in the cen- 
ter for a thermometer reaching ¢ 
down to the substance. Usually 
two sets of apparatus were em- 
ployed at the same time by connect- 
ing the inlets a with a T-tube sup- 
plied with air dried by calcium 
chloride and sulphuric acid. Both RN 
vessels, 4, were placed in an asbestos Fig. 2. 
box, 2, whose bottom was heated by 
a very small gas-jet. The four sides of the box were made from 
a piece of asbestos cardboard, cut half through lengthwise and 
bent round to form a square tube, the last edge being formed by 
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means of iron wire clamps and strengthening all the joints with 
asbestos paper soaked in water-glass solution. The cover /, also 
made of asbestos, is movable and is perforated for the passage of 
the thermometer ¢. Tube 4 is suspended by means of small 
glass lugs on the edges 4 4. One of the sides of the box B has 
two openings near the bottom for the air-supply pipes a and 
another side has openings for the air-escape pipes d near the top ; 
half way up, at the level of the nitrocellulose, there are small 
glass windows g g,, opposite each other which allow of observing 
the process. The box is placed on an asbestos plate, and by 
means of a small gas-jet the temperature can be kept constant to 
0.5° or at mgst 1° during several hours, while air, which has 
passed through calcium chloride and sulphuric acid, is passed in 
at a and passes out at d. 

This asbestos oven, which it takes about an hour to construct, 
has done usexcellent service. It admits of drying the nitrocellu- 
lose in a current of dry air at the desired temperature which is 
attained within the asbestos box in contact with the glass vessel. 
On the large scale, of course, the air would be previously heated 
to the requisite point ; but this is very difficult to attain with any 
degree of accuracy in a laboratory apparatus and is quite unnec- 
essary, when using the arrangement described. 

The exit tube d is connected with a flask containing concentra- 
ted sulphuric acid, in order to retain any nitrous vapors evolved 
from the nitrocellulose during the drying process. 


This apparatus effects a very great saving of time as compared 
with drying in thedesiccator. Nitrocellulose carefully freed from 
water by pressing requires seven or eight days’ drying in the des- 
iccator, but only twelve to fifteen hours in the asbestos oven, to at- 
tain constancy of weight. Check tests made of the same sample of 
nitrocellulose with both modes of drying never showed any appre- 
ciable difference in the nitrogen percentage. A very slight loss 
of nitrous vapors, however, does take place, although unap- 
preciable by the most careful analysis of the product, for the sul- 
phuric acid through which the exit air was passed usually de- 
stroyed two or three drops of decinormal permanganate. There- 
fore in more important cases the slower, but absolutely certain, 
method of drying in the desiccator was preferred. 
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II. ANALYTICAL METHODS. 

A. The Estimations of Nitrogen were always performed in my 
well-known gas volumeter (five-part nitrometer). The nitro- 
cellulose was dissolved in concentrated sulphuric acid in the 
funnel of the agitating-vessel, provided with a rubber stopper and 
swan-neck tube; only the short fiber products which cannot 
easily be put into the funnel without loss by dusting were dis- 
solved in a stoppered weighing-bottle. Usually the solution was 
effected in from half an hour to an hour ; exceptionally the close 
quality of a product caused it to be very slowly penetrated by the 
acid, in which case the operation lasts up to twenty-four hours. 
The results are exceedingly accurate ; the difference among va- 
rious estimations is rarely more than 0.1 to 0.2 cc. NO per 1 
gram, which means about o.o1 per cent. nitrogen.’ 

Williams’ asserts that, if the nitrometer funnel is rinsed first 
with concentrated and afterwards with slightly diluted acid, the 
results are 0.2 per cent. higher than when using concentrated 
acid alone, owing to the rise of temperature produced in the 
former case, which is necessary for completing the decomposition. 
This assertion is not correct, as was shown by very careful esti- 
mations, in which the same sample was tested (1) by rinsing with 


concentrated acid only and (2) by employing dilute acid at the end : 
Nitrogen. Nitrogen. 


Per cent. Per cent. 
(1) cccccccccccccccccccsccescecs 13.30 13.28 
(2) cececececcce cree cece cveecees 13.27 13.29 


We tested also Chenel’s method,* which is a modification of 
Kjeldahl’s method. The results were satisfactory, but this 
method is far more troublesome and lengthy than the nitrometer 
method, so there is absolutely no reason for preferring it to the 
latter which is at least equally accurate. 

The English and German way of stating the results is to quote 
the percentage of nitrogen; in France the results are stated as 
the number of cubic centimeters NO (reduced to 0° C. and 760 
mm. pressure) evolved by 1 gram of the substance. 

15.95 cc. NO=1 per cent. N ; 
1 cc. NO = 0.0627 per cent. N. 


1 The difference between the atomic weights ordinarily used in calculations (O = 16, 
N= 14, C = 12, H=1), and the exact atomic weights (O= 16, N = 14.04, C = 12, H = 1.008) 
amounts to more than the above discrepancies, 

2 Moniteur Scientifique, 1899, Pp. 920. 

3 Mém, des poudres et salpétres, 8, 45. 
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To facilitate compafisons I append the following table, calcu- 
lated with the exact atomic weights accepted by the German 
Chemical Society. " 


TABLE I. 
NO per 
Nitrogen. I gram. 
Degrees of nitration. Formula. Per cent. ce. 
Dodecanitrocellulose 
(old trinitrocellulose) C,,H,,0.(NO,)1. 14.16 225.53 
Endecanitrocellulose Co4H9O29(NO,)31 13.50 215.32 
Decanitrocellulose Co4H 390 9(NO,) 10 12.78 203.87 
Enneanitrocellulose C.4H331029( NO, )g 11.98 191.08 
Octonitrocellulose 
(=old dinitrocellulose) — C,,H3.0.9(NO,), 11.13 177.52 
Heptanitrocellulose C.4H330.9( NO, ), 10.19 162.53 
Hexanitrocellulose Cy 4H ,Oa9( NO, ), 9.17 146.26 
Pentanitrocellulose C.4H35029( NO, ); 8.04 128.24 
Tetranitrocellulose 
(= old mononitrocellulose) C,,H3,0.9(NO, ), 6.77 108.01 


In the original papers the results are generally stated in cubic 
centimeters NO, but.as this is less familiar to Anglo-American 
readers, I have translated them all into nitrogen percentages. 

In the first series of experiments (of which there were several 
hundreds performed) the yze/ds were regularly determined ; later 
on this was only occasionally done, as this repetition seemed un- 
necessary. 

B. Wherever the solubility in ether-alcohol had to be determined, 
one of the two following methods was followed: Where only a 
few per cent. of soluble matter is present, this can be extracted 
by ether-alcohol, and the insoluble residue dried and weighed. 
This process does not answer where there is much soluble matter 
present, because in this case the solution is too viscid and too 
difficult to filter and the residue too gelatinous for proper wash- 
ing. In these cases the English method was employed : Treating 
the substance in a stoppered cylinder with a certain quantity of 
ether-alcohol, allowing to settle, withdrawing a portion of the 
clear supernatant liquid by means of a pipette, evaporating and 
drying at 50° till the weight is constant. By this process the 
soluble nitrocellulose is converted into a tough compact mass 
which it is very difficult to entirely free from the solvent ; hence 
the results are too high; in the case of perfectly soluble nitro- 
cellulose usually 102 or 103 per cent. was found. Better results 
were obtained by precipitating the nitrocellulose from the solu- 
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tion in a flocculent form by careful addition of water before 
evaporation, with constant stirring, until a permanent turbidity 
was produced. 

The solvent usually employed was a mixture of three parts 
ether (sp. gr. 0.72) and one part alcohol (sp. gr. 0.81), but we 
shall see in Section III, G, that the same results are obtained by 
many other proportions of these ingredients. 


C. The Analysis of the Acid Mixtures was performed according 
to the methods described in my ‘‘ Taschenbuch fiir Sodafabrika- 
tion’’ 3rd edition, p. 249. (This isa somewhat enlarged and im- 
proved form of the methods given in Lunge and Hurter’s ‘‘Alkali- 
maker’s Handbook,’’ 2nd edition, p. 155.) 


D. Examination of the Nitrated Celluloses under the Polarization 
microscope.—The statements found in literature on the behavior 
of nitrocelluloses in polarized light show great discrepancies. 
In Muspratt-Stohmann’s Chemistry (1869) it is stated that gun- 
cotton, when observed under the microscope in polarized light, 
exhibits no, or almost no, color, whereas cotton fiber shows bright 
and beautifully variegated colors. Morton Liebschiitz (J/onzteur 
Scientifique, 1891, p. 119) says that the compound which he calls 
hexanitrocellulose (our dodecanitrocellulose) can be recognized 
by its greater brilliancy and slate-gray color ; penta- (our deca-) 
nitrocellulose by its blue color; tetra- (our octo-) nitrocellulose 
by its yellow color. Guttmann’ says: ‘‘ If examined under the 
microscope with polarized light, ordinary cotton is colorless while 
guncotton exhibits colors.’’ ‘This is a clerical error, as stated 
by Guttmann in his contribution to my ‘‘ Chemisch-technische 
Untersuchungsmethoden,”’ Vol. II, p. 477. Chardonnet* makes the 
following statement : Up to 6.9 per cent. nitrogen the nitration can 
be recognized only by a few large, shrunk-up fibers ; from 6.9 to 
9.1 per cent. nitrogen there are more such fibers, and a few rain- 
bow-colored ones ; from 9.15 per cent. on the fibers turn more 
evenly gray ; from 10.0 to 11.28 per cent. they turn straw-colored 
to orange ; above 11.28 per cent. nitrogen the fibers appear first 
colorless, afterwards purple, dark blue, and light blue, the last 
color becoming prevalent as the nitrogen increases. When all 
fibers are equally light blue, the action is finished. 

The continued observation of our products, along with their 


1 “Manufacture of Explosives,”’ Vol. II, p. 59. 
2 According to Wyss-Naef : Zischr. angew. Chem., 1899, P. 31. 
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careful analysis, has led to the following conclusions which I 
believe to be quite correct. The most highly nitrated products 
show in polarized light a blue color. These products, whose 
nitrogen percentage varies between 13.9 and 13.0, cannot be dis- 
tinguished from each other by polarization. As the nitrogen per- 
centage rises, the blue color becomes less intense, but decidedly 
never turns slate-gray or colorless. Certainly some gray fibers 
can be observed here and there, but not in proportion to the in- 
crease of nitrogen. Onthe contrary, the highest degrees of nitra- 
tion (13.9 percent. nitrogen) appeared almost purely blue, and in 
products of only 13.0 most fibers were gray, although there 
was always a mixture of both present, and it was observed that 
on turning the object table, gray fibers flashed up in a blue light 
and vice versa, that is to say, the blue color appears in a certain 
position, and the gray color in another. 

The purple transition shade mentioned by Chardonnet could 
not be observed. From 12.4 per cent. downwards most fibers 
showed a gray luster which, when keeping off the top-light, 
mostly turns faint yellow, but sometimes remains unchanged. 
This goes down to 10.66 per cent.; below 10 per cent. nitrogen the 
structure was always partly destroyed and no certain observations 
could be made. But when we come to unchanged cellulose, we 
find this decidedly and strongly flashing up yellow to orange, 
and here and there with rainbow colors. As the effects of polar- 
ization are produced not merely by the chemical composition, but 
also by the physical structure of the fibers, it is out of the ques- 
to make such sharp distinctions as stated by some of the previous 
observers. All we can say is, we can with certainty distinguish 
firstly, any unchanged cellulose by its very strong flashing up in 
yellow, orange, and variegated (rainbow) colors ; secondly, highly 
nitrated products (from 12.75 per cent. nitrogen upwards) by 
flashing up not so strongly in blue colors. Further distinctions 
are not possible, even in the case of high degrees of nitration. 
When working for collodion cotton, where the structure of the 
fiber is to some extent affected, and there is more unchanged 
cellulose present, the polarization microscope renders no practical 
service. In the presence of only 5 per cent. unchanged cellu- 
lose a great part of the microscopic field appears yellow, and 
with 15 per cent. cellulose the phenomena of polarization of the 
nitrated fibers are entirely obscured. Hence the polarization is a 
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useful means for qualitatively detecting the presence of small 
quantities of unchanged cellulose in highly nitrated products, but 
it fails in the case of collodion cottons. 


E. Behavior of Nitrocellulose towards Tlodine.—According to 
Guttmann,' Kindt states that when treating nitrated cellulose 
with a solution of iodine in potassium iodide, and subsequently 
moistening with dilute sulphuric acid, guncotton becomes yellow, 
while cotton turns blue. We found when following this direction, 
that the yellow or brown color does not proceed from any action 
of iodine upon the nitrated fiber, for it is entirely removed by 
washing. When treating with iodine solution alone, without 
sulphuric acid, and subsequently washing with water, the most 
highly nitrated products (guncotton proper) lost their color ; the 
less strongly nitrated products retained a brown color increasing 
with the decrease of nitration, but not at all with sufficient regu- 
larity to base any clear distinction thereon. In all probability, 
this phenomenon is caused by the formation of oxycellulose, of 
which several modifications are known to exist.’ At any rate, 
the above-mentioned reagent did not prove of any vaiue. 

F. Quantitative Estimation of Unchanged Cellulose in Nitro- 
celluloses.—During the progress of our work, the necessity fre- 
quently arose for quantitatively estimating any admixture of 
unchanged cellulose in the nitrated products. The methods 
described up to that time were thoroughly tested, but yielded 
quite unsatisfactory results. The oldest of these is based on a 
treatment with a hot concentrated solution of sodium sulphide ; 
this is a very slow process and we never succeeded in obtaining a 
residue free from nitrogen. Hess and Schwab, and later on Eder, 
decomposed collodion cotton dissolved in ether-alcohol by an 
alcoholic solution of potash or soda, and this is also applicable to 
guncotton when dissolving this in acetone, but it is not easily 
carried through because the solution of sodium hydroxide in 
almost anhydrous alcohol takes place with great slowness, while 
the presence of a little more water militates against the reaction. 

The following new process was found to answer the purpose 
in the case of the mere highly nitrated products. The reagent 
employed is an alcoholic solution of sodium ethylate (sodium 
methylate or amylate have the same effect), C,H,ONa, prepared 


1 Loc. cit., 2, 59. 
2 Compare Section III, F. 
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by dissolving 2 or 3 grams metallic sodium in 100 cc. 95 per cent. 
alcohol, which takes only a few minutes. The solution is 
filtered and is mixed with too cc. acetone. This reagent has no 
effect whatever on real cellulose, even after an action of several 
hours’ duration, but nitrocellulose is almost instantaneously decom- 
posed with formation of a reddish brown substance soluble in 
water, evidently the sodium salt of an organic acid, possibly con- 
nected with Will’s oxypyruvic acid.’ The operation is carried 
out as follows: 

150 cc. of the 200 cc. prepared above are placed in a capsule or 
Erlenmeyer flask along with 5 grams of guncotton. The mixture 
is heated to 40° or 50° on a water-bath, and now and then shaken 
up during twenty or thirty minutes ; or else it is allowed to stand 
at the ordinary temperature for a few hours. It is then allowed 
to settle. The brown-red solution is decanted from the undissolved 
portion ; the latter is first washed with alcohol by decantation, 
and subsequently with water, whereby the brown substance is 
dissolved. The residue, consisting of cellulose, is filtered and 
washed with hot water, last of all with addition of a little hydro- 
chloric acid. For ordinary work, it may be at once dried and 
weighed ; for very exact estimations the water is removed by 
washing with alcohol, the residue is once more treated with 50 
cc. of the reagent left over from the first treatment by keeping at 
40° or 50° for fifteen minutes, and the operation is finished as above. 
The cellulose thus obtained does not yield a trace of gas in the 
nitrometer and gives only an extremely faint blue reaction with 
diphenylamine. It shows a very faint yellow color, produced 
by about o.1 mg. of the brown substance which can be removed 
by treating with a solution of 0.1 mg. chloride of lime in 5 cc. 
very dilute hydrochloric acid; but this last treatment is really 
unnecessary, as the 0.1 mg. does not appreciably affect the esti- 
mation. ‘The results agree to 0.1 or 0.2 per cent., if the weight 
of unchanged cellulose amounts to about 0.2 gram, which can be 
attained by employing a convenient weight of guncotton. 

Guncotton entirely soluble in acetone contains only traces of 
cellulose. In the presence of 0.85 per cent. cellulose, the solu- 
bility is impaired; some fibers remain floating in the liquid. 
When 5 or 10 per cent. cellulose is present, a great part of the 
nitrocellulose does not dissolve in acetone. 


1 Ber. d. chem. Ges., 24, 400. 
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The described reagent, sodium ethylate, is applicable to the 
estimation of cellulose in guncotton and collodion cotton, but not 
in the products with lower nitrogen percentages which have as 
yet no technical application, but were prepared by us in order to 
study the various degrees of nitration (Section III, C). In the 
case of these products, which always contain much unchanged 
cotton fiber, the sodium ethylate method yields results, varying 
by 5 or even Io per cent. and is, therefore, quite useless. The 
reason for this is no doubt the fact that these products, which are 
prepared with less highly concentrated acids, always contain oxy- 
cellulose. Since this substance is soluble in alkaline liquids, the 
percentage found by alkaline reagents of nitrocellulose appears 
too high. We shall treat of the formation of oxycellulose in a 
subsequent section (III, F). 


III. METHODS FOR OBTAINING THE VARIOUS NITROCELLULOSES. 


The first chemists who worked on nitrocelluloses adopted for 
cellulose the formula C,H,,O,, and consequently spoke of ‘‘ trini- 
trocellulose,’’ C,H,(NO,),0,, as the highest obtainable term, while 
‘‘ dinitrocellulose,’’ C,H,(NO,),O,, was supposed to represent the 
composition of ‘‘ soluble’’ nitrocellulose. ‘The former expression 
is still sometimes used to denote guncotton (pyroxylin), the lat- 
ter for denoting collodion cotton. 

Of course it has been known for a long time past that the mol- 
ecule of cellulose must be a multiple of C,H,,O,, but its real mag- 
nitude is not known and is not of much importance in this connec- 
tion. All we need is to fix the lowest figure by which we can 
represent the various products obtainable by introducing NO, 
groups (nitric acid radicals) into the molecule of cellulose. 

Eder' obtained four degrees of nitration from the highest down- 
wards, and consequently doubled the ancient formula, as he re- 
quired the molecule C,,H,,O,, torepresent all his products. Vieille,’ 
however, obtained within the same limits a greater number of 
distinct products and found himself compelled to use the molecu- 
lar formula C,,H,,O,, for cellulose. This would cause the highest 
degree of nitration to be called ‘‘ dodecanitrocellulose,’’ in lieu of 
the old term ‘‘ trinitrocellulose’’ or Eder’s ‘‘ hexanitrocellulose,’’ 
but Vieille could not obtain this highest term at all and declared 
‘* endecanitrocellulose,’’ C,,H,,(NO,),,0,,, to be the highest prod- 


1 Ber. d. chem. Ges., 13, 169. 
2 Compt. rend., 9§, 132. 
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uct of nitration obtainable. The table given in Section II, 4, 
gives the formulas and nitrogen percentages of the various stages 
of nitration denoted according to the C,,.--- molecule, which we 
adopt throughout this paper as being sufficient for representing 
our present stage of knowledge. 

Mendelejeff' obtained a product containing 12.44 per cent. ni- 
trogen entirely soluble in ether-alcohol, whose nitrogen percent- 
age is about midway between Vieille’s deca- and enneanitrocellu- 
lose. Vieille had stated that deca- was insoluble, ennea- soluble, 
and therefore Mendelejeff considered his soluble intermediate 
product as a new, individual step of nitration which would com- 
pel the adoption of a formula containing C,,. But as we shall see 
later on, there exists a soluble decanitrocellulose, and there is hence 
no reason whatever for making the solubility of Mendelejeff’s 
products a criterion of its nature as an individual compound ; it 
may very well have been a mechanical mixture of the deca- and en- 
nea-body. Ido not, thérefore, at present see any reason why we 
should write our formulas on the basis of C,,--.-, and I shall re- 
tain the basis of C,,.--- by which all our results can be satisfac- 
torily expressed. Of course the real formula must be xC,,.--., 
but we may neglect the unknown value of z as immaterial for our 
purposes. ’ 

The lower members of the series of nitrated celluloses, up to 
deca-, can be obtained by means of nitric acid alone, but as even 
these in actual practice are always prepared by mixtures of sul- 
phuric and nitric acids, we have almost exclusively worked with 
such, and we shall now proceed to discuss the conditions for ob- 
taining the various steps of nitration. 

A. On the Highest Stage of Nitration Obtainable from Cellulose. 

As the older work on this subject may be considered obsolete, 
especially in view of the improvement of the methods for estima- 
ting the nitrogen, we may begin with the statement of Eder.’ 
The most highly nitrated product he obtained was made by the 
action on cellulose of a mixture of three parts concentrated sul- 
phuric acid and one part fuming nitric acid, and treating the 
product with ether-alcohol by which from 1.2 to 5.8 per cent. of 
soluble substances were extracted. He thus obtaineda substance 
showing by analysis the following percentages of nitrogen: 13.91, 


' Moniteur Scientifique, 1897, p. 510. 
2 Ber. d. chem. Ges., 13, 176. 
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13.74, 13.82 ; and this he considered near enough to the percent- 
age of 14.16, required for ‘‘hexa-’’ (C,,.- equal to our 
‘* dodeca-’’) nitrocellulose, to declare it to be essentially composed 
of this compound. 

Vieille,’ however, obtained under the same conditions a prod- 
uct showing only 214 cc. NO = 13.42 per cent. nitrogen, or very 
nearly 13.50, the percentage for endecanitrocellulose. 

Vignon’ attained only 213 cc. NO = 13.35 per cent. nitrogen 
again leading to endecanitrocellulose. 

In the first series of experiments (with Weintraub) we treated 
each time 2.5 grams cellulose with 30 grams nitric acid (sp. gr. 
1.52) and go grams sulphuric acid (sp. gr. 1.84) at a constant 
temperature of 15° during twenty-four hours; three different 
samples made in this way showed 13.37, 13.40, and 13.36 per cent. 
nitrogen. Another time, when treating the same mixtures at a 
temperature of 10° during ten hours, we obtained 13.39 per cent. 
nitrogen. ‘That a change of temperature up to 40° or down to 0° 
does not produce higher nitrogen percentages, we shall see later 
on (Sec. ITI, JD). 

When increasing the quantity of sulphuric acid, the nitrogen 
percentage of the product is lowered ; when decreasing it, it is 
decidedly, but slightly, raised as we shall see. The maximum 
thus obtained in this first series was 13.456 per cent. nitrogen, 
thus confirming Vieille’s and Vignon’s conclusion, that the action 
of a mixture of sulphuric and nitric acids leads only up to endeca- 
nitrocellulose. But their further conclusion, that no higher de- 
gree of nitration exists at all, could not be confirmed, for on 
applying mixtures similar to Hoitsema’s’ (vzz., equal parts of ni- 
trogen pentoxide and phosphorus pentoxide), we obtained up to 
13.88 and 13.90, sufficiently near to the percentage for dodeca- 
nitrocellulose and far above that for endecanitrocellulose.* 

The existence of dodecanitrocellulose has thus been confirmed 
both by Hoitsema and by ourselves, but it has been obtained only 
by the use of extraordinary reagents, not applicable in manufac- 


1 Compt. rend., 95, 132. 

2 Jbid., June 6, 1898. 

3 Ztschr. angew. Chem., 1898, p. 173. 

*H.N. Warren, Chem. News, 74, 239 (1896), claims to have obtained a ‘“‘tetranitro- 
cellulose”’ (Cg....), without quoting any analysis. Since he claims to have obtained this 
product by treating ‘‘trinitrocellulose” (guncotton) with a mixture of ‘‘equal parts by 
weight of commercial vitriol and phosphoric anhydride,” which must have saponified and 
dissolved the guncotton and since he has not followed up his preliminary notice by com- 
municating any details, we cannot treat his work seriously, any more than Hoitsema does, 
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turing practice. In my later experiments (with Bebie) we were 
more fortunate ; we succeeded in getting up to the highest per- 
centages of nitrogen by mixtures of sulphuric and nitric acids, 
as shown by the following table: 





Composition of acid mixture. Nitrogen in Yield on 

— A product. cotton. 

No. HeSO,. HNOs3. H,O. Per cent. Per cent. 
I 60.00 27.43 12.57 13.62 173 
2 62.10 25.79 ee 13.75 174 
3 62.95 24.95 12.10 13.83 175 
4 63.72 25.31 10.97 13-75 175 
5 64.56 24.65 10.79 13.71 175 


As this work had led to the very striking result that nitrogen 
percentages had been reached exceeding anything previously ob- 
tained by the direct action of the mixture of sulphuric and nitric acids 
without extracting the products by ether-alcohol, and that with 
mixtures containing a comparatively large quantity of water, I 
thought it advisable to test this result by a new series of exper- 
iments which turned out as follows : 





Composition of acid mixture. Nitrogen. in Yield on 

- ~ product. cotton. 

No. HeSO,4. HNOs3. H,O. Per ceut. Per cent. 
6 68.02 25.28 5.70 13.76 . 
7 64.55 26.55 8.88 13.72 173 
8 63.35 25.31 11.34 13.92 173 


Here, with 11.34 per cent. water in the acid mixture, we obtained 
13.92 per cent. nitrogen’ guite as high as Hoitsema and our- 
selves with the phosphorus pentoxide mixture, that is, close to 
the composition of perfectly pure dodecanitrocellulose (= 14.16 
per cent. nitrogen). 

We shall later on discuss the influence of varying quantities of 
water on the process of nitration ; in this place I wished only to 
prove the existence of dodecanitrocellulose. I must, however, 
add that this product, as obtained by us, is not a stable compound. 
The sample giving 13.92 per cent. nitrogen was preserved under 
water for a few months and then dried and tested again; it now 
showed only 13.5 percent. nitrogen. On repeating the exper- 
iments we at once obtained products up to 13.8 per cent. nitrogen 
but usually only the first tests yielded these values ; after a few 
days’ standing in the desiccator the percentage was only 13.5 per 
cent. and remained perfectly constant at this point, equal to 


1 It may be said, once for all, that there is no question of experimental errors in our 
analyses. Every one of our nitrogen estimations was at least made in duplicate, the discrep- 
ancies generally ranging within 0.01, very rarely up to 0.015 or 0.02 per cent. nitrogen. 
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endecanitrocellulose. ‘The latter therefore appears to be the highest 
stable degree of nitration. 

To prevent any suspicion that those extraordinarily high nitro- 
gen percentages might be due to some nitric acid being retained 
in the product, every precaution was taken in washing the latter, 
and special check tests proved that the above could not possibly 
have been the case. 

Special experiments were made with a view of ascertaining 
whether by avoiding the use of hot water in washing the prod- 
ucts, the nitrogen percentage could be raised, but this course 
did not lead to more than 13.53 per cent. nitrogen and the prod- 
uct in question, although treated with sodium carbonate, exploded 
at 150° which proves it to be too unstable for any practical use. 

Some further experiments showed that the proportion of sul- 
phuric to nitric acid which, in the experiments 1 to 8, had been 
about 2.5: 1, may be varied up to 3.3: 1 and down to 2:1 with- 
out making a difference in the result. 





Composition of acid mixture. Nitrogen in 
: nitrocellulose. Vield. 

No. H2SO4. HNO3. H,O. Per cent. Per cent. 

9 75-33 22.80 - 1.87 13.53 176 
Ce) 74.16 22.12 3.72 13.51 175 
II 72.97 21.63 5.40 13.57 see 
12 69.90 20.45 9.65 13.64 177 
13 68.31 20.49 11.20 13.61 176 
14 67.43 19.37 13.20 13.25 172 
15 67.32 32.53 0.15 13.62 176.5 
16 65.41 31.34 3-25 13.57 175 
17 63.75 30.80 5.45 13.63 176 
18 70.68 29.31 10.01 13.68 176 


Those experiments further prove that by lowering the propor- 
tion of water toa minimum (which was effected by addition of 
fuming oil of vitriol), the percentage of nitrogen in the product 
was not raised, and that it ts, therefore, quite useless to make the 
process more expensive by employing such highly concentrated acid 
mixtures. 


B. Various Conditions to be Observed in the Nitrating Process. 


The primary object of this investigation was that of establish- 
ing the conditions for obtaining with certainty the various 
descriptions of nitrocellulose required in commerce, from the most 
highly nitrated guncotton down to collodion cotton, but over and 
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above that to somewhat exhaustively study the process in its 
various bearings. 

Evidently the greatest part is played in this respect by the di- 
lution of the nitrating mixture. This may be stated in the first 
instance in terms of the percentage of wafer present; but the fvo- 
portion of sulphuric to nitric acid must also be taken into considera- 
tion, as well as the temperature and the “me occupied by the 
process. Lastly, it must be ascertained what part is played by 
that unavoidable impurity present in nitric acid, véz., the dower 
oxides of nitrogen. 

In order to attain my ultimate object it was necessary to inves- 
tigate all thesé various conditions apart from one another, that is, 
varying only one of them at a time, while keeping the others as 
nearly uniform asthe case would permit. Unless this is observed, 
a thorough solution of the task cannot be expected. My prede- 
cessors, with all their eminence in the field of explosives, have 
nothing like sufficiently fulfilled the condition just laid down. 
Thus Vieille’ nitrated cotton with twelve different mixtures of 
sulphuric acid (sp. gr. 1.832) and nitric acid (sp. gr. 1.316) and 
obtained nitrocelluloses varying from 8.32 to 12.28 per cent. ni- 
trogen. But in these experiments there were /wo variable mag- 
nitudes (namely HNO, and H,O), and the results must depend 
upon both jointly. The same must be said of the numerous ex- 
periments made by Bruley.” To avold this drawback in our case, 
certainly much labor was involved ; several hundreds of nitra- 
tions, all followed up by careful analysis and other tests, and 
four years’ work were expended upon this task which we shall 
now proceed to describe. 


C. Influence of Water on the Nitrating Process. 


In this series of experiments the proportion of sulphuric and 
nitric acids was kept practically constant, v2z., as nearly as possible 
equal (nitric acid’slightly prevailing), and only the proportion of 
water was varied. ‘The mixtures were prepared from ‘‘chemically 
pure ’’ sulphuric acid (sp. gr. 1.83) and pure nitric acid (sp. gr. 
1.50), which had been carefully freed from lower nitrogen oxides. 
The amount of water was varied by adding pure water, or, for 
the highest concentrations, by adding free sulphur trioxide in the 
shape of fuming sulphuric acid. The other factors, temperature, 


1 Mem. des poudres et salpétres, 2, 217. 
2 [bid., 8, 111. 
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duration of action, proportion of cellulose to the acid mixture, 
were kept as constant as possible. The temperature was kept 
between 16° and 18°; the duration of action was twenty-four 
hours. The kind of cellulose used and the apparatus employed 
have been described in Section I, as well as the method of wash- 
ing, drying, etc. Each experiment was (as during the whole of 
this work) made at least twice over, as well as the analysis of 
each of the products obtained, but as there was in every case a 
good concordance of results, I quote only the mean result of each 
separate variation of proportions. 

The analytieal methods employed are described in Section II. 

They extended to the nitrogen percentage, the solubility in 
ether-alcohol (3 ether, 1 alcohol), the yield and the behavior in 
polarized light. 

The results of the first series of nitrations are as follows : 





Soluble in Yield Acid mixture in per cent. 
Nitrogen. ether-aicohol. cotton. . 
No. Per cent. Per cent. Per cent. HeSO4. HNOs3. H,O. 
I 13.65 1.50 177.5 45.31 49.07 5.62 
2 13.21 5.40 176.2 42.61 46.01 11.38 
E 12.76 22.00 cas 41.03 44.45 14.52 
4 12.58 60.00 1670 40.66 43.85 15-49 
5 12.31 99.14 159.0 40.14 43.25 16.61 
6 12.05 99.84 153.0 39.45 42.73 17.82 
7 11.59 100.02 156.5 38.95 42.15 18.90 
38 10.93 99.82 144.2 38.43 41.31 20.26 
9 9.76 74.22 146.0 37.20 40.30 22.50 
Io 9.31 pa 138.9 36.72 39-78 23.50 
II 8.40 0.61 131.2 35-87 38.83 25-30 
12 6.50 1.73 a) Ee 34.41 37.17 28.42 


These results have been plotted on the accompanying diagram, 
the upright lines showing on one side the number of cubic cen- 
timeters of NO evolved per gram of the product, on the other side 
the nitrogen percentage of the same, and the horizontal lines 
showing the percentage of water in the acid mixture. It appears 
that the single results (marked by circlets) arrange themselves 
in a very regular curve which allows of foreseeing the nitrogen 
percentage of the product for the varying proporticns of water 
in the acid mixtures employed for nitration. 

As might be expected, and as is especially shown by a glance 
at the third column of the preceding table (the solubility in ether- 
alcohol), the products obtained mostly, were not chemically pure 
individual compounds, but mixtures of various stages of nitration. 
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ce JYO per / gram. 





aa «i 7 44 «4 £0 326 em. £6 
fer cent. 30 in acid mixture. 


Diagram 1. 


The solubility in ether-alcohol may be made use of for at least a 
partial separation of the products of nitration. Of course, both 
the soluble and insoluble portions might be assumed to consist of 
a mixture of various nitrocelluloses, but frequently their nitrogen 
percentage shows them to be of uniform nature. Where either 
the soluble or the insoluble portion amounted but to a few per 
cent. of the whole, lack of material precluded their separate 
investigation, and in these cases, only the prevailing portion was 
separately analyzed and the nitrogen percentage of the portion 
indirectly estimated by the following mode of calculation. 

Suppose we have directly estimated the nitrogen percentage of 
the insoluble portion, a denoting the nitrogen percentage of the 
entire mixture obtained by nitration and ¢ the percentage solu- 
bility in ether-alcohol. We shall learn the nitrogen percentage d 
of the soluble portion by the formula 
gd =i (a—b) + b.c 

c 

If, on the other hand, the nitrogen percentage d of the soluble 
portion is known, we learn the percentage 4 of the insoluble by 
the formula 





100 a—dc 

Io—c ~ 

Considering that the estimation of solubility is not a very accu- 
rate operation, especially in the case of low solubilities, we can- 
not ascribe a very high degree of accuracy to these indirect esti- 
mations of the nitrogen percentage, but they will, at all events, 
sufficiently elucidate the progress of nitration. 
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We shall now discuss the single results a little in detail. No. 
1 shows a product of strikingly high nitrogen percentage, exceed- 
ing the highest attained by Vieille. This product was obtained 
with an acid mixture containing 5.62 per cent. water; we have 
seen in Section III, 4, that even higher percentages of nitrogen 
can be obtained with mixtures containing rather more water, but 
also more sulphuric acid than was employed in this case. The 
nitrogen percentage increased but very little by extraction with 
ether-alcohol, vzz., to 13.67, that of the soluble portion being cal- 
culated as 12.54 per cent. 

An increase of the percentage of water to about 11 per cent. 
caused a slight diminution of the nitrogen percentage. In Section 
III, A, we have seen that with the same percentage of water, 
but with more sulphuric acid, the maximum percentage of nitro- 
gen was attained. The insoluble portion of No. 2 contains 13.37 
per cent. nitrogen and is, therefore, practically equal to en- 
decanitrocellulose. The soluble portion is calculated to contain 
11.35 per cent. nitrogen. 

The nitrogen percentage of No. 3 (12.76) is exactly like that 
of decanitrocellulose (theoretically 12.78); but its partial solu- 
bility shows that it was not a chemical individual, and its nitro- 
gen content only accidentally agreed so well with decanitrocellu- 
lose (Eder’s pentanitrocellulose). It could be split up into 22 
per cent. of octonitrocellulose, with 11.10 per cent. nitrogen 
(theory 11.13) and 78 per cent. of another substance, showing 
by calculation as above 13.23 and by actual analysis 13.26 per 
cent. nitrogen. This is a strong warning against drawing con- 
clusions on the solubility and other properties of technical nitro- 
cellulose from its accidental percentage of nitrogen, which subject 
we shall have to mention again further on. 

The difference between the degree of nitration of the soluble 
and insoluble components of the samples hitherto discussed is no 
doubt caused by the dilution of the acid mixture taking place 
during the nitrating process, firstly by the positive formation of 
water, secondly by the abstraction of nitric acid. Since these 
experiments show that a difference of a few per cent. of 
water may produce greatly differing stages of nitration, we 
understand why, during the nitrating process, where there is a 
chemical production of free water, various nitrocelluloses must 
be produced. The variations must be less prominent, the greater 











548 G. LUNGE. 


the proportion of acids to that of the cotton, and the lesser con- 
sequently the absolute changes in the composition of the acid 
mixture. This explains why the proportion between the quantity 
of cotton and that of the acid mixture is an important factor im 
the process. 

Combining the knowledge to be derived from the experiments 
hitherto discussed (made with about equal quantities of sulphuric 
and nitric acids and water up to 11 percent.) with those described 
in the preceding section (where the ordinary mixture of 3 
sulphuric to 1 nitric acid wasapplied with varying quantities of 
water), we arrive at the conclusion that zz order to make gun- 
cotton of a high percentage of nitrogen it is quite unnecessary to 
employ acid mixtures containing only a few per cent. of water. 
With the acid proportion 1 : 1 it is permissible to go up to to per 
cent. water, with 3 sulphuric to 1 nitric acid even uf fo 12 per cent. 
water, and consequently to work with much cheaper acids than ts 
usually done. 

From Professor Will’s paper on the stability of nitrocellulose 
which I have received at the last moment before closing this 
paper, and which will be referred to later, I notice that under 
otherwise equal conditions and equal relation between sulphuric 
and nitric acid, the rapidity with which nitrogen ts given off from 
the nitrocellulose at a temperature of 135° (which he considers to 
be the surest test for the stability of nitrocelluloses) decreases 
with the increased percentage of water in the nitrating acid. The 
same amount of decomposition as is brought about in fifty-five 
minutes with a mixture ‘containing 4 percent. water, required 
255 minutes with a mixture containing 9 per cent. water. This 
greatly increased stability is another strong argument for the recom- 
mendation which I have derived from my experiments, to employ 
acid mixtures containing more water than has been hitherto the 
custom. 

No. 4 of the above series isan intermediate mixture ; with No. 5 
we reach the series of completely soluble products, that is, the 
collodion cottons. As the curve shows, the influence of the in- 
crease of water now becomes much stronger. Over 18 per cent. 
water the nitrogen percentage quickly decreases with the increase 
of water. The group of entirely soluble nitrocelluloses, with 
from 12.31 to 10.93 per cent. nitrogen, is obtained by acid mix- 
tures ranging between 16.6 and 20.3 per cent. water. Between 
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Nos. 7 and 8 we should find the typical collodion cotton, zz., 
octonitrocellulose, with 11.13 per cent. nitrogen, and by interpo- 
lation on the curve we find the corresponding amount of water in 
the acid mixture = 19.5 per cent. This conclusion was confirmed 
by actual experiment. An acid mixture containing the same 
proportions of sulphuric and nitric acids as employed above, and 
19.42 per cent. water, yielded practically pure octonttrocellulose, and 
we have thus shown how to obtain with all certainty this product 
which is of such great technical importance, and which is usually 
assumed to be somewhat difficult to manufacture with regularity. 

I must here interpose some remarks on a paper published by 
Wyss-Naef' upon the preparation of collodion cotton, to be em- 
ployed in the manufacture of vegetable silks at the Besancon 
factory. According to him this collodion cotton is made by treat- 
ing cotton during four to six hours with a mixture of 85 parts 
sulphuric and 15 parts fuming nitric acid (sp. gr. 1.52). He 
does not expressly speak of the concentration of the sulphuric 
acid, but he must evidently mean the ordinary concentrated oil 
of vitriol (66° Baumé), for he speaks of the strong attraction of 
the acid mixture for water, and moreover nobody would for a 
technical process employ such costly nitric acid as that of 1.52 
specific gravity, to mix with dilute sulphuric acid, instead of the 
much cheaper mixture of concentrated sulphuric and weaker 
nitric acid. 

Wyss-Naef’s statements have been reproduced without criti- 
cism in a recently published book by Dr. Siivern, ‘‘Die kiinstliche 
Seide.”’ 

It would have been an extremely valuable service to the in- 
dustry of collodion cotton if the detailed descriptions of Wyss- 
Naef on the process employed at Besangon could be accepted as 
correct, although it would be an almost unexampled instance of 
generosity on the part of the owners and managers of that factory 
to make such a present of their hitherto secret process to their 
competitors in trade. | Unfortunately this is not the case. In 
the first paper published in 1899 by Weintraub and myself we 
had already shown that when carefully following the instructions 
of Wyss-Naef even after three days some raw cellulose was left 
behind, that the final product contained 12.74 per cent. nitrogen, 
that it differed entirely from the published description in its 

1 Ztschr. angew. Chem., 1899, p. 469. 

















550 G. LUNGE. 


behavior under the polarization microscope, and that it contained 
only 19 per cent. of matter soluble in ether-alcohol. ‘Then we pub- 
licly challenged Mr. Wyss-Naef to clear up these contradictions, 
but received no answer. 

Looking at the importance of this matter, I repeated with 
Bebie the operation as prescribed by Wyss-Naef, this time at 
slightly raised temperatures, as we had learned that such are em- 
ployed at the factories of vegetable silk. The following figures 
show that by this, only some time was saved, asa matter of course, 
but that the products are just as little ‘‘ soluble’’ nitrocellulose 
as in our former experiments. 


Duration of 


nitration. Nitrogen. Solubility Yield 

Temperature. Hours. Per cent. Per cent. Per cent. 
30° 4 12.53 17-14 160.2 
40° 7. 1334 15.54 143.1 


There was no unchanged cotton left behind. In the polarized 
light the fibers showed a faint steel-blue color. 

I must, therefore, assume until further explanations, that the 
prescriptions of Wyss-Naef on the manufacture of collodion cotton 
are entirely untrustworthy, and I must adhere to the prescription 
given above from the experiments made in my own laboratory. 

We now resume the discussion of these experiments. Below 
10 per cent. nitrogen the solubility of nitriccellulose quickly de- 
creases. ‘The products from hexanitrocellulose downwards are in- 
soluble, as previously found by Vieille. The soluble hexa- and 
tetranitrocelluloses, obtained by Eder with very hot acid mixtures, 
or by the action of alcoholic potash on more highly nitrated prod- 
ucts are evidently of quite a different nature, since no cellulose 
could be regenerated by means of ferrous chloride, and they must 
be considered as not being nitrated celluloses at all, but nitric 
esters of other carbohydrates. 

If the percentage of the acid mixture attains 25 per cent. or 
more, no complete nitration can be effected by an action of 
twenty-four hours ; in No. 12, unchanged cotton was left, even 
after three days’ action, to the amount of 4.1 per cent; the 
nitrated portion would then contain 6.78 per cent. nitrogen, and 
consists of tetranitrocellulose. But as mentioned in Section II, 
the estimation of the unchanged cellulose and consequently that 
of the nitrogen percentage in the other portion, can be only 
approximate in such cases. 
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In the presence of more water the nitration becomes less and 
less complete. In the beginning there is still some nitration, 
later on, only oxycellulose is formed, as shown by the entire or 
partial solubility in dilute alkali, precipitation from the solutions 
by acids or alcohol, intense coloration with basic coloring-matters, 
reduction of Fehling’s solution and formation of compounds with 
phenylhydrazine. 

The morphological structure of the products is strongly altered 
by an increase of water in the acid mixtures. Up to 15 per cent. 
water the original structure is preserved. At 18 per cent. water, 
the fibers appear somewhat contracted and the characteristic 
twist of cotton fiber is lost. With more water the fibers appear 
to be torn open and disaggregate into small particles which get 
felted into globular masses. This destructive action is at its 
maximum with 23 or 25 per cent. water ; by more dilute acid 
mixtures the fibrous structure is much less affected, but herealso 
by prolonged action the fibers are split up into. smaller elements. 

A further series of tests was made to ascertain whether gun- 
cotton, made with acid mixtures containing from 8 to 11 percent. 
_ water, as recommended by me in consequence of our investiga- 
tions, might be J/ess resistant to boiling water than those made 
with more concentrated acids. This did not seem very likely, but 
still it had to be examined. 

For this purpose two nitrations were made simultaneously: (1) 
with the usual mixture (69.14 H,SO,, 23.91 HNO,, 6.07 H,O, 
0.88 N,O,), and (2) with a mixture containing 63.64 H,SO,, 25.25 
HNO,, 10.82 H,O. Both were treated exactly in the same way 
with cold, hot, and boiling water, and were tested for nitrogen 
percentage and explosiveness. The following were the results, 
proving that guncotton made according to our prescription does not 
lose any more nitrogen on boiling with water than such made with 
more concentrated acids. 





Product 1. Product 2. 
Nitrogen. Ex- Nitrogen. Ex- ; 
No. Kind of treatment. Percent. plosion. Percent. plosion. 
1. Washed one-half day cold, one day 161° 158° 
HOt WAGE o0c006 ccccasc gcse secs 13:45 3/9” 13.64 35" 
2. Washed one-half day cold, three 170° 163° 
ays hot..-...eeeeeesseeeeveees 13.48 4'40” 13.49 4/30” 


3. Washed one-half day cold, one and 
one-half days hot, boiled two 
hours (no acid reaction in water) 13.47 13.50 


4. The same boiled another five hours 13.36 13.45 
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Product 2 behaves in the washing process exactly like 1; there is 
a trifling loss of nitrogen, which remains always slightly above 1, 
but this difference does not seem to be of any importance, no 
more than the slight difference in explosiveness. 

Of course, only more extended experiments on the large scale 
could absolutely decide these questions, and the question of bal- 
listic differences could not even be approached by us. 


D. Influence of Temperature. 


The experiments described in Section III, C, were all made at 
the ordinary temperature and lasted twenty-four hours. The 
question now arises how the process is affected by varying the 
temperature of the nitrating process. ‘This was separately studied 
for the case of guncotton and that of collodion cotton. 

For guncotton as nearly as possible 2.5 grams of cotton were 
nitrated with a mixture of 30 grams nitric acid (sp. gr. 1.52), 
and go grams sulphuric acid (sp. gr. 1.84). The duration of the 
process could not very well be raised above seven hours, as the 
temperature had to be watched throughout the process. The re- 
sults are quoted in the following table. The ‘‘ yields’’ refer to 100 
parts of cotton employed; the ‘‘ loss of cellulose’’ is calculated per 
cent. of cellulose employed from the formula: 100o—4(1—0.0201@), 
where 4 is the yield from 100 parts cellulose, and a the number of 
cubic centimeters of NO given off from 1 gram nitrocellulose. 


Loss of 

Nitrogen. Yield. cellulose. 
Temperature. Per cent. Per cent. Per cent. No. 
° { } hour 10.71 152.29 trace I 
7 hours 13.19 173.29 trace 2 
to° 7 hours T3437 175.78 3 
15° 7 hours 13.38 175.61 4 
19° { } hour 12.72 166.14 5 
7 hours 13.39 175.56 oes 6 
40° { + hour 13.07 172.32 trace 7 
7 hours 13.06 169.62 1.61 8 
60° {3 hour 13.08 169.18 1.95 9 
4} hours 13.07 162.05 5.67 10 
} hour 13.07 161.23 6.52 II 
wor fi hour 13:32 125.17 27.45 12 
3 hours 13.12 81.52 52.76 13 


From this the following conclusions may be drawn: 
I. With the rise in temperature the speed of the process increases 
rapidly. At o° the nitrogen percentage reached after half an 
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hour is only 10.71, at 19° it is increased to 12.72, at 40° to 13.07 
(which is the highest attainable at this temperature), and at 80° 
this is effected in a quarter of an hour. 

2. The nitrogen percentage of the product sinks a little when 
passing from ordinary temperatures (10° to 19°) to go° (viz., 
from 13.39 to 13.06 per cent. nitrogen) but remains practically at 
the same figure when nitrating at 60° or 80°. 

3. The principal influence of the temperature of nitration ts 
exerted upon the yield, which, when passing from the ordinary 
to higher temperatures, constantly falls. This does not take 
place by direct solution of cellulose proper ; first the cellulose 
itself is rapidly nitrated, and the nitrocellulose formed is there- 
upon partially dissolved, all the more quickly, the higher the 
temperature. 

¢. By nitrating at higher temperatures the structure of the 
cellulose is changed. It becomes short and fragile ; that obtained 
at 60° or 80° is a finely fibrous powder after drying. 

If the proportion of sulphuric to nitric acid is larger than the 
usual 3:1, the loss of yield and the solubility on raising the 
temperature of nitration are even more strongly pronounced. 
With 11 sulphuric to 1 nitric acid an increase by a few degrees of 
temperature has the same effect as 20° or 30° with the acid pro- 
portion 3: I. 

It is also necessary for each temperature to find out the most 
suitable duration of the action of the acids. At the ordinary tem- 
perature there is a wide margin in that respect, but at higher 
temperatures we observe that the nitrogen percentage rises at 
first and on longer action decreases again. Thus the same acid 
mixture (3:1) at a temperature of 32° produced the following 
nitrogen percentages : 


Time of action. Nitrogen. 


Minutes. Per cent. 
5 13.27 
15 13.44 
30 13.47 
60 13.50 
120 13.40 


Hence the maximum was reached in this special case after an 
hour’s action. 

Looking at all circumstances, we conclude that in manufactur- 
ing guncotton the ordinary process of not exceeding a tempera- 
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ture of 25° during the nitration is right. We thus obtain a max- 
imum percentage of nitrogen and a maximum yield within a 
reasonable time. 

We now pass to collodion cotton, where a somewhat higher than 
the ordinary temperature is frequently employed in practice. 
Here the mixture of acids was employed which is mentioned in 
Section III, C, Experiment 7; vzz., 38.95 H,SO,, 42.15 HNO,, 
18.90 H,O. The results were : 


Time of Solubility in 

nitration. Nitrogen. ether-alcohol. Yield. 
No. Temperature. Hours. Per cent. Per cent. Per cent. 
14 7 4 11.50 95.60 155.1 
15 gi 24 11.59 99.81 156.2 
16 “40° 4 11.49 99.58 148.1 
17 60° 1/4 11.46 99.71 146.7 
18 60° 4 10.81 99.82 152.0 


At 17° the zztration is practically completed in four hours ; 
the yield is rather larger than at 40°, but the so/udbility was not 
quite so good, the product dissolving both more slowly and less 
completely. 

At 40° the solubility is excellent, the yield decidedly less, and 
the nitrogen percentage is normal. 

At 60° about the same result was accomplished after a 
quarter of an hour; after this the nitrogen percentage was lower. 
The structure of the cotton is to a great extent destroyed at this 
temperature. Although Experiment 4 showed that about as 
good a percentage and solubility can be attained at 60° in one- 
fourth hour, as at 40° in four hours, the change of structure 
seems to have ulterior consequences, for, as I am informed from 
teliable practical authority, the collodion cotton made at such 
high temperatures does not yield vegetable silk fit for spinning. 
Probably simultaneously with the change of morphological struc- 
ture the cellulose molecule is also changed. 

Our conclusion is that about 40° is the best temperature for 
obtaining collodion cotton, as this gives a maximum of solubility 
within a reasonable time (four hours), with no change of struc- 
ture and comparatively little danger of overdoing the action. 

E£. Influence of Varying the Proportion of Sulphuric Acid to 
Nitric Acid. 

The only observation I have found in the above respect is by 
Vieille’: ‘‘A great excess of sulphuric a id influences especially 

the speed of the reaction which is greatly lessened.’’ 
mpt. rend., 1895, p. 132. 
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The first series of experiments was made in ‘cooperation with 
Weintraub. Each time 2.5 grams cotton were taken with 30 
grams nitric acid (sp. gr. 1.52) and varying quantities of sulphuric 
acid ; only in the cases where very little or no sulphuric acid at 
all was employed the quantity of nitric acid had to be increased, 
in order to soak the cotton thoroughly well. The experiments 
were made at the ordinary temperature, which at that time was 
from 19° to 20° and was kept quite constant during the shorter 
experiments, but became somewhat lower during the nights, 
reaching 15° and even 13°. Section III, D, shows that this 
would have no perceptible influence on the results in the case 
of mixtures containing up to 3 sulphuric to 1 nitric acid. Special 
experiments, described in our German paper, show that the 
difference between 13° and 20° is perceptible when the proportion 
of sulphuric to nitric acid is 7: 1 and more so when it is 11:1, 
but not to the extent of altering the conclusions to be drawn. 











TABLE I. 
One-half hour. Twenty-four hours. Three days. 
Nitric Sulphuric Nitrogen. Yield. Nitrogen. Yield. Nitrogen. Yield. 
acid. acid. Percent. Percent. Per cent. Per cent. Per cent. Per cent. 
I oO 12.58 162.75 12.62 163.32 
I ts BARY anes 12.66 165.02 
I t 13-45 175.69 13.44 175.77 
I 4 EP anaes 13.42 175.22 
I I 13.36 174.56 13-39 174.75 
I 2 13.23 174.14 13.32 175.98 cone eeee 
I z 12.92 166.14 13.40 176.44 13.38 175-55 
I 4 eeee wets 13.20 175.12 oeee aaee 
I 5 8.14 130,88 13.10 166.60 
(25.44 
unchanged 
cellulose. ) 
TABLE II. 
Three days. Eight days. Fifteen days. 
al se) -) a=) 
3 v vu v 
« be. bo. to, 
o a pa) 3 
3 Su 3 b>. Z ; ro Pe aa Ba x D> 2 
es § YF = See os = sea os = a38 
9 gf 88 oo one 98 3 uno 68 so cs$ 
1 a «Ps Uh oUe pe Uh a¥u Sw Uh aU. 
2383 #86 LO FOG =o Lo FOS #6 LS Fog 
2D Ze val Pm Zo val) Pm Ae > Oa Pp 
I 6 12.63 162.40 0.85 «. sees «+++ 12.74 169.80 none 
I 7 10.86 151.60 10.46 “s ee ee a ee 
Thirty days. 





co 


aan ans 10.88 144.62 10.7 I1.70 152.0 4.48 ; 
x6 °77.4 Y20.12 ‘much . cece vows once eooe eees 
cece oem)! levee 5-43 65.0 41.12 
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The conclusions arrived at from that series were as follows : 

I. With the increase of the quantity of sulphuric acid the speed 
of the process decreases rapidly. Up to equal parts sulphuric 
and nitric acid the final stage of nitration is reached in half an 
hour. With acids in the proportion of 3 : 1 the first half hour 
brings us only to 12.72 per cent. nitrogen, the final stage being 
13.40 per cent. nitrogen ; with 8 : 1 the final stage is not reached 
even after eight days, and oniy after thirty days is it equal to 
11.70 per cent. nitrogen. 

2. The maximum of nitrogen percentage of the products is 
obtained if the proportion of sulphuric to nitric acid ts not less 
than 1/4 : 1, and not more than3:17. Above 3:1 the nitrogen 
percentage falls first slowly, then more rapidly, but we must not 
overlook that with a very great excess of sulphuric acid a differ- 
ence of a few degrees of temperature equally affects the result 
very seriously. (Compare the more detailed investigation of this 
point further on.) 

3. Above a certain proportion of sulphuric to nitric acid (ap- 
parently 8 : r) the final product always contains unchanged 
cellulose. 

4. An excess of sulphuric acid affects also the structure of 
nitrocellulose. When employing pure nitric acid or up to 0.5 sul- 
phuric to 1 nitric acid, the fibers contract and become more re- 
sisting. Beyond 7 : 1 the cellulose fibers are destroyed, and on 
drying fall into a finely fibrous powder. 

These experiments had shown that with nitric acid alone the 
nitration cannot be driven beyond decanitrocellulose. Collodion 
cotton, consequently, might be prepared with nitric acid alone, 
but practically, this is never employed, since by the addition of 
sulphuric acid a great saving of nitric acid and of time is effected. 
There is not very much known about the best proportions of acids 
for preparing collodion cotton ; the published statements vary 
from 1 sulphuric to 1 nitric acid up to 6 : 1, and are partly deci- 
dedly misleading (compare above sub C). We have in Section 
III, C, shown the results obtained with that proportion of acids 
which is probably the best for collodion cotton ; vz., about 1 : 1, 
with from 18 to 20 per cent. water in the mixture. I now give 
the results of experiments (with Bebie), intended to study more 
completely the conditions of making collodion cotton when vary- 
ing the quantities of the acids and the proportions of water. 
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Nitrating mixture. Product. Propor- 

. “ ~ tion of 

Parts Solubility HNOsgin 

HeSO, to in ether- acids to 

I part HeSO,. HNO. HO. Nitrogen. alcohol. Yield. 1 cellu- 

No. HNOs. Percent. Percent. Per cent. Per cent. Per cent. Per cent. lose. 

I 3 62.18 21.91 15.91 13.21 3,20 174 30 
2 3 61.53 20.02 18.45 12.42 98.70 160 30 
3 3 60.30 19.71 19.99 II.72 99.28 157 30 
4 2 58.88 19.60 21.52 10.96 99.50 148 30 
5 k 59-77 20.94 19.29 11.74 99.98 159 I2 
6 3 58.34 20.62 21.04 10.90 99.20 149 12 
4 3.8 63.84 16.96 19.20 12.08 wee 163 30 
8 3.8 62.52 16.46 21.02 11.23 sees 153 30 
9 3.8 63.84 16.96 19.20 11.76 era 156 12 
10 3.8 62.52 16.46 21.02 10.99 sees I51 12 
{I 5 67.60 13.66 18.74 12.43 seee 167 30 
I2 5 66.37 13.04 20.59 11.66 sees 148 30 
13 5 64.85 14.90 20.25 10.53 seee 140 8 
14 5 64.11 13.62 22.27 9.35 cece a 8 


No. 1, prepared with too little water, is still a guncotton. No. 

2 is evidently identical with Mendelejeff’s ‘‘ pyrocollodion,’’ both 

as to its nitrogen percentage and its solubility. The remaining 

samples are collodion cotton of various nitrogen percentages and 
various yields. 

The differences between this series and the experiments described 

<20 
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Diagram 2. 


in Section III, C, where the proportion of acids was 1 : 1, is made 
very clear by the diagram appended here, in which the former 
series (with acids = 1:1) is represented by the dotted line ; the 
full curve 1 shows the results obtained with sulphuric to nitric 
acid = 3:1; total acids = 30 to 1 cellulose ; curve 2 refers to 
the same proportion, but 12 acids to 1 cellulose ; curve 3 refers to 
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the acid proportion of 5 sulphuric to 1 nitric acid, and a total of 
30 acids to 1 cellulose ; curve 4 refers to the same proportion of 
acids, but 8 total acids to 1 cellulose. 

We see that the proportion of water being equal, an increase 
of the sulphuric acid from the proportion 1:1 to 3:1 causes an 
increase of 0.63 per cent. nitrogen in the product if the propor- 
tion of total acids is 30 to 1 cellulose, and an increase of about 
half as much, say 0.3 per cent. nitrogen, if the total acids are 
12:1 cellulose. When increasing the proportion of water, the 
nitrogen percentage decreases quite as much with the acid pro- 
portion of 3 sulphuric to 1 nitric acid, as with 1:1. 

The acid proportion 3.8: 1 yields practically the same results as 
3:1, and no curve has been drawn for this reason. 

With the acid proportion 5:1 there was a very slight rise of 
nitrogen percentage in comparison with 3:1, but only if we 
employ 30 acids to 1 cellulose; if this quantity is lowered to 8 
acids to 1 cellulose, the nitrogen percentage of the product 
strongly decreases. In the former series of experiments there 
had been a slight decrease of nitrogen with this proportion of 
acids ; evidently there is not much difference either way. 

All these experiments were made at the ordinary temperature 
and the nitration lasted twenty-four hours. Experiments made 
with the same acid proportions (1 : 3, 1: 3.8, 1:5) at 35° showed 
that exactly the same results could be obtained at that tempera- 
ture in two hours. 

In the next following series of experiments, it was my aim to 
keep the proportion of nitric acid to that of water perfectly constant 
and to vary only the sulphuric acid proper. For that purpose, we 
started with nitric acid (sp. gr. 1.40) containing 184 parts HNO, 
to 100 parts H,O, and added to this varying quantities of concen- 
trated sulphuric acid, but as the latter contained 5.09 H,O to 94.91 
H,SO,, this 5 per cent. of water was always compensated by add- 
ing the calculated quantity of stronger nitric acid (sp. gr., 1.50), 
so that the proportion of HNO, to H,O remained always as 
nearly as possible the same. Of course, the acid mixtures were 
always analyzed before use. 

The experiments were made at the ordinary temperature and 
lasted 24 hours. 

Up to 33 per cent. H,SO,, there was always unchanged cellu- 
lose left. On trying to estimate this it was found that the method 
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described in Section II, F, did not yield very reliable results, 
owing to the formation of oxycellulose. I shall, therefore, not 
quote these experiments in detail, but describe only their general 
character. 

Even nitric acid of 1.4 specific gravity by itself causes a partial 
nitration, but about 63 per cent. cellulose remained unchanged, 
no oxycellulose being formed here. The product, as a whole, 
contained 1.49 per cent. nitrogen, and the nitrated portion alone 
by calculation 4.00 per cent. nitrogen, which corresponds to 
dinitrocellulose (C,,...). As this product has never been obtained 
elsewhere, many attempts were made to isolate it by the action of 
solvents, or to prepare it otherwise in a purer state, but in vain. 

By addition of 5 per cent. H,SO, some oxycellulose was formed. 
The product contained about 58 per cent. unchanged cellulose, 
and 2.15 per cent. nitrogen ; ¢v7ztrocellulose (C,,...) would con- 
tain 5.36 per cent. nitrogen. Here, as well, it was not found pos- 
sible to isolate the products as a chemical individual. 

I omit a description of the next experiments, with more sul- 
phuric acid, where the mixture of nitrocellulose with oxycellulose 
and cellulose could not be properly unraveled, and I pass on to 
those where products free from unchanged cellulose were obtained, 
employing about 25 parts by weight of nitric acid and 14 parts 
water to 1 cellulose, the quantity of sulphuric acid being varied. 





Acid mixture. Product. 
HySO4. HNO3. H,O. Nitrogen. Solubility. _Vield. 
No. Per cent. Per cent. Per cent. Percent. Percent. Percent. 
15 41.86 35.82 22.32 9.27 14.22 134 
16 38.47 40.19 21.34 10.32 92.30 142 
17 40.83 38.72 20.45 10.76 98.24 15! 
18 42.92. 37.40 19.68 II.02 98.90 153 
19 48.03 34.18 17.79 12.23 99.58 155 
20 49.37 33.38 17.25 12.77 99.82 166 
21 50.71 32.50 16.79 13.02 99.32 165 
22 52.81 31.27 15.92 13.11 7.65 167 
23 54.92 30.06 15.02 13.45 2.63 173 


The product of No. 15 was treated by a solvent indicated to 
me by Dr. Bronnert as acting upon nitrocelluloses below octoni- 
trocellulose; véz., a solution of 4 parts calcium chloride in 100 parts 
alcohol of 95 per cent. This solvent extracted in the cold about 
Io per cent., on boiling with reflux cooler another 35 per cent., 
but the remaining product contained almost exactly as much ni- 
trogen as the raw product ; vzz., 9.32 percent. The portion in- 
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soluble in ether-alcohol is practically pure hexanitrocellulose 
(= 9.17 per cent. nitrogen). 

Nos. 16, 17, 18, and 19 belong tothe group of collodion cottons 
and call for no special remark. By a slight increase of sulphuric 
acid we get toa product, No. 20, having the exact composition 
of decanitrocellulose (theoretically 12.78 per cent. nitrogen), and 
still completely soluble in ether-alcohol. Even No. 21, with 13.02 
per cent. nitrogen, is still completely soluble. This is a cogent 
proof that various forms of decanitrocellulose exist ; for both 
Vieille and myself (with Weintraub) had previously obtained 
insoluble decanitrocellulose (compare Section III, G). We then 
had worked with more concentrated acids; now, with more water, 
a soluble decanitrocellulose was obtained, which Eder had also 
prepared before. 

Sir H. E. Roscoe, on the occasion of the ‘‘ Cordite action,’’ 
had also been able to make both soluble and insoluble nitrocellu- 
lose containing.12.8 per cent. nitrogen. H.C. Aspinwall’ men- 
tions that he obtained soluble nitrocellulose with 12.91 per cent. 
nitrogen. 

These facts are of technical importance ; for in the manufac- 
ture of blasting gelatine and other blasting agents it is very im- 
portant toemploy products soluble in ether-alcohol, with a maxi- 
mum of nitrogen. A discussion at a meeting of the New York 
Section of the Society of Chemical Industry’ shows that the con- 
ditions for obtaining such products are not generally known, and 
probably they have been laid before the public for the first time 
by this present investigation. 

By further increasing the quantity of sulphuric acid the solu- 
bility suddenly dropped to a minimum, with a very slight rise 
of nitrogen percentage. The last experiment, No. 23, led to 
practically pure endecanitrocellulose, that is the best guncotton 
obtained in ordinary manufacturing practice. This was done 
with a remarkably high dilution of 15 per cent. waterin the acid 
mixture, while in practice much more concentrated acids are 
generally employed. It was just this circumstance which led 
us to further investigate the conditions for reaching the high- 
est possible state of nitration, as described in Section III, 4, 
where we have seen that these highly nitrated products were 


1 Moniteur Scientifique, 1900, p. 829. 
2 J. Soc. Chem. Ind., 1900, p. 315. 
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reached with 11 to 12 per cent. water in the acid mixture, while 
mixtures with 6 down to 14 per cent. water only led to endeca- 
nitrocellulose or little beyond. 

Before closing this paper, I see from a paper by Professor Will 
just received, printed for private circulation, on the stability of 
nitrocelluloses (compare Section III, Cand G) that under equal 
conditions an increase of the sulphuric acid in the acid mixture ac- 
celerates the decomposition of the nitrocellulose. Up to 3 sulphuric 
to 1 nitric acid this acceleration is but slight, but it increases rap- 
idly beyond that limit. This corroborates the conclusion at 
which I had arrived by my own experiments ; vz., that for man- 
ufacturing guncotton of a high percentage of nitrogen it ts advisable 
to work with a proportion of three parts sulphuric to one of 
nitric acid, but no more than this quantity of sulphuric acid. ‘Thus 
the maximum of nitrogen percentage and nearly the maximum of 
stability will be attained (7. ¢., if the advice is followed given at 
the conclusion of Section III, C, concerning the proportion of 
water). 

For the manufacture of collodion cotton there is no reason for ex- 
ceeding the proportion of equal parts of sulphuric and nitric acids, 
with from rg to 20 per cent. water in the mixture. 


F. Formation of Oxycellulose in the Nitrating Process. 


I have mentioned above that with more dilute acid mixtures 
oxycellulose is evidently formed, and probably nitrooxycellulose 
is present as well. Previously Brénnert' and Vignon’ have 
noticed this, and they assert that also with concentrated acids 
oxycellulose is formed. This question seemed to require further 
elucidation. 

Vignon founded his opinion on the observation that both 
nitrated cellulose and nitrated oxycellulose reduce Fehling’s solu- 
tion, and that this is independent of the degree of nitration. It 
is however a fact that other, probably more characteristic, reagents 
for oxycellulose do not actin the same way. The usual reaction 
for oxycellulose is its. behavior towards basic coloring-matters, 
especially methylene ‘blue, and this was applied to the case in 
question. 

For each test 0.5 gram of the product to be examined was 
heated on the water-bath with 150 cc. of a 5 per mille solution of 


1 Bulletin de Mulhouse, 1900. 


2 Compt. rend., September Io, 1900. ” 
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methylene blue during an hour, and, after cooling, 100 cc. were 
compared with 100 cc. of the original solution in a Lummer-Brod- 
huhn colorimeter in order to ascertain the loss of coloring-matter- 
The following results were obtained : 


Nitrogen in nitro- Methylene blue, 


cellulose. fixed by 1 gram. 
Per cent. Gram. 

o (pure cellulose) 0.0012 
13.65 0.0010 
13.21 0.0009 
12.76 0.001I 
12.05 0.0021 
10.93 0.0036 

8.40 0.0120 


This shows that the products obtained with concentrated acids 
contain no oxycellulose, but those obtained with dilute acids did 
contain such, and further tests confirmed this. The same result 
was obtained with Schiff’s reagent for aldehydic groups (a solution 
of fuchsine decolorized by sulphuric acid). 


G. Solubility of Nitrocelluloses in Ether- Alcohol. 


I have had to refer on many previous occasions in this paper 
to the solubility of nitrocelluloses in ether-alcohol, by which we 
understand a mixture of 3 partsether with 1 part alcohol. Here 
I quote in the first instance some experiments made specially 
with a view of deciding the behavior of decanitrocellulose in this 
regard. 

By the action of nitric acid (sp. gr. 1.5) mixed with only 1/10 
of its weight of sulphuric acid (sp. gr. 1.84), during twenty-four 
hours, a product was obtained containing 12.76 per cent. nitro- 
gen ; that is, practically pure decanitrocellulose. This product 
was as good as insoluble in ether-alcohol to which it yielded only 
2.1 to 2.25 per cent. The microscope showed a very uniform 
structure ; all fibers flashed up blue in polarized light. Hence, 
this product was most probably really an zzso/uble decanitrocellu- 
lose. 

By nitrating as Vieille had done, with pure concentrated nitric 
acid, the same result was obtained. 

When increasing the proportion of sulphuric to nitric acid over 
3:1, the nitrogen percentage very slowly falls, but the solubility 
in ether-alcohol rises. 

By the action of a mixture of 6 sulphuric to 1 nitric acid during 
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fourteen days a product was obtained with 12.78 per cent. nitro- 
gen, precisely like the percentage of decanitrocellulose, but it 
contained 19.17 per cent. soluble and 80.83 per cent. insoluble 
matter, the latter showing 13.08 per cent. nitrogen. 

In our later experiments we obtained (Sec. III, C, No. 3) by the 
action of 41.03 per cent. sulphuric acid, 44.45 per cent. nitric 
acid, 14.52 per cent. water a product with 12.76 per cent. nitrogen 
of which 22 per cent. was soluble. I have pointed out before, 
that these results prove the product to have been mixtures of 
various degrees of nitration. 

But in Section E, No. 20, we find a product with the exact 
percentage of decanitrocellulose, completely soluble in ether- 
alcohol (produced by the action of 49.37 per cent. sulphuric, 
33.38 per cent. nitric acid, and 17.25 per cent. water). 

All this, together with the results of Roscoe and of Aspinwall, 
proves that it is wrong to put the question in this way: 
“‘Is a nitrocellulose of 12.78 per cent. nitrogen, that is of the 
percentage of decanitrocellulose, soluble in ether-alcohol or not ?’’ 
We have seen that by varying the proportions of acids and water 
in the nitrating mixture, quite a number of products may be 
obtained possessing the above nitrogen percentage, but varying 
in solubility from o to Ioo per cent.; and evidently constitu- 
ting quite different mixtures of such compounds. 

A fortiori we cannot acknowledge as true decanitrocellulose the 
products obtained by Eder when treating for an hour and thus 
dissolving collodion cotton in nitric acid (sp. gr. 1.40) at 60°, 
which products contained 13.02 and 12.84 per cent. nitrogen and 
were easily solublein ether-alcohol. By such energetic treatment 
as is produced by solution in hot nitric acid, the cellulose molecule 
must be thoroughly altered. When repeating Eder’s experiments 
we obtained, by slightly changing the temperature, the time, and 
the quantity of acid, all sorts of products varying between 9.84 
and 12.4 per cent. nitrogen; but we did not reach 12.78 per 
cent. The solution at first yields a precipitate with sodium 
carbonate ; by longer digestion this property is lost. It then 
cannot contain either cotton cellulose or a nitric acid ester of 
this, as both would be precipitated by sodium carbonate. Evi- 
dently by the above treatment a variety of carbohydrates and their 
nitration products is formed, among which there may be some 
soluble compound of the percentage composition of decanitrocel- 
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lulose, but quite different from the compound prepared in the 
usual way. 

In this respect it is most interesting to note that it is possible 
to prepare zztrocelluloses soluble in ordinary alcohol (95 per cent. ). 
When making the last-mentioned experiments (with pure nitric 
acid), we frequently got products containing 11 to 11.16 per cent. 
nitrogen which dissolved in alcohol with the greatest facility. This 
is the composition of octonttrocellulose (11.13 per cent. nitrogen), 
which according to Eder should be zxsoluble in alcohol ! These 
products are also soluble in concentrated nitric acid. Evidently 
they belong to a different class of compounds. 

But it is even possible to obtain a compound of the composi- 
tion of decanitrocellulose, which is soluble in alcohol. Honig and 
Schubert’ and Blondeau de Carolles’ have described sulphuric acid 
esters of cellulose, soluble in water, which, when treated with 
alcohol, regenerate substances of the composition of cellulose, 
partly soluble, partly insoluble in water. When triturating cellu- 
lose with a small quantity of concentrated sulphuric acid in a 
glass mortar and adding to this a cold mixture of 3 parts concen- 
trated sulphuric acid and 1 part concentrated nitric acid, we 
obtained nitrated products of snow-white color, soluble in alco- 
hol, insoluble in ether and showing a nitrogen percentage vary- 
ing with the temperature ruling during the action and the quan- 
tity of sulphuric acid. Even when trying to keep to the same 
conditions, the products varied from 10.22 to 11.29 per cent. 
nitrogen. By operating as follows we got up to much. more 
highly nitrated products. About 2 grams of dry cellulose are com- 
pletely dissolved in 50 cc. concentrated sulphuric acid and at once 
mixed with 25 or 30 cc. concentrated nitric acid, gradually run 
in from a dropfunnel. The temperature should not rise over 15° 
which is secured by surrounding the vessel with ice. Now the 
mixture is allowed to stand at the ordinary temperature, which 
leads to the precipitation of a soft plastic mass. After twelve 
hours the whole is poured into a large quantity of water and this 
produces a precipitate of the following properties: It is a floccu- 
lent white powder, soluble in acetone, acetic ether, ethyl alco- 
hol, methyl alcohol; it is precipitated by water from the alco- 
holic solution as a gelatinous mass and can be purified in this 


1 Monatsh. Chem., 6, 708, and 7, 455. 
2]. prakt. Chem., [2], 32, 427. 
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manner. In concentrated nitric acid it dissolves with the greatest 
facility. Its nitrogen percentage is usually from 12.60 to 12.67, 
and it is therefore almost equal in nitrogen to decanitrocellulose ; 
but occasionally we obtained as high as 13.80 per cent. nitrogen, and 
even this product was soluble in alcohol ! We must probably look 
at these products as nitrated cellulose-dextrines or amyloids, and 
they must, of course, not be confounded with true nitrocelluloses. 

Returning to the nitrocelluloses proper, as obtained in the 
usual way, we find that products soluble in ether-alcohol may be 
obtained almost down to the composition of heptanitrocellulose 
(10.19 per cent. nitrogen) and up to decanitrocellulose (12.78 per 
cent. nitrogen), or even beyond this. The collodion cotton of 
commerce, however, belongs more to the medium class of the 
composition of octonitrocellulose (11.13 per cent.) and enneanitro- 
cellulose (11.98 per cent.). Where a high nitrogen percentage is 
not especially desired, but complete solubility is most important, 
it will be easiest to work for nitrogen percentages ranging from 11 
to 11.5 per cent. by meansof the acid mixtures indicated in Section 
III, C, Nos. 7 and 8, with nearly equal quantities of sulphuric 
and nitric acids, and from 19 to 20 per cent. water. These nitro- 
celluloses are insoluble in ordinary 95 per cent. alcohol, as well 
as in pure ether, but soluble in absolute alcohol. This might 
lead to the conclusion that in the ordinary ether-alcohol (3: 1) 
the alcohol is the proper solvent. But this cannot be stated as a 
fact, for the solubility in absolute alcohol does not run parallel 
with that in ether-alcohol. The former rapidly decreases from 12 
per cent. nitrogen upwards ; at 12.04 per cent. nitrogen it is only 
70 per cent.; the true decanitrocellulose which is perfectly soluble 
in ether-alcohol, yields only 1.3 per cent. to absolute alcohol. 

A number of experiments were made to determine how far the 
mixture of ether (0.720) and alcohol (0.810) may be varied from 
the usual proportion 3:1. A nitrocellulose of 11.54 per cent. 
nitrogen dissolved easily in 6 ether to 1 alcohol; only 95 per 
cent. in 12 ether to 1 alcohol. In the last-mentioned case, 324 cc. 
ether to 26 cc. alcohol dissolved 1 gram nitrocellulose, which 
26 cc. alcohol alone would not have done. A mixture of 27 ether 
to 1 alcohol dissolved only 7.3 per cent., on treating 1 gram with 
350 cc. 

In the other direction, 1/3 ether to 1 alcohol acted as a com- 
plete solvent ; 1/6 ether to 1 alcohol dissolved only 93 per cent. ; 
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but even with 1/5 ether to 1 alcohol the solubility was 95 per 
cent. This shows that the proportions of ether to alcohol may 
vary within very wide limits from the usual proportion of 3:1. 

I append here the results obtained by examining various de- 
scriptions of commercial collodion cotton. ‘This article, as every- 
body knows, is employed for extremely different purposes, and 
it seems likely from the outset that its properties, and hence, its 
composition and preparation should vary accordingly. For 
collodion cotton intended for surgical and photographic purposes, 
and for Chardonnet’s vegetable silk, complete solubility in ether- 
alcohol is, no doubt, the most imperative requirement. When 
intended for-blasting gelatine, that is, for forming a semisolid, 
tough mass with nitroglycerine, from 5 to 7 collodion cotton with 
95 to 93 nitroglycerine, a high nitrogen percentage seems de- 
sirable together with solubility in nitroglycerine, which may not 
run parallel to that in ether-alcohol. Great secrecy is observed 
as to the manufacture of collodion cotton for both purposes, and 
even the composition of both is not sufficiently well known. 

A sample of collodion cotton A, manufactured in Belgium ex- 
pressly for blasting gelatine, showed 12.33 per cent. nitrogen and 
a solubility of 95.5 per cent. in ether-alcohol. Its explosion 
point, 198.5°, was almost exactly like that of collodion cotton 
B made for vegetable silk, 197°, and very little above that of 
guncotton. 13.25 per cent. nitrogen — 195°. The time of 
heating until explosion occurred, varied only from 4’ 4” to 4’ 48”. 
The Abel test (Section III, 4’), in the case of guncotton occurred 
after 15’ to 17’; in that of collodion cotton B after 20’ to 24’. Cot- 
ton A did not give any result even after several hours, evidently 
owing to some admixture preventing the coloration of the test- 
paper. 

We might infer from the above that collodion cotton, intended 
for the manufacture of blasting gelatine, should contain more 
nitrogen than that which is intended for dissolving in ether-alco- 
hol. It should be prepared, according to our previous state- 
ment, with acid mixtures containing about 18.5 percent. water. 

I conclude this section with a few words on a paper by Kis- 
niemsky’ who has derived from Bruley’s experiments a formula 
for calculating the nitrating mixtures leading to products of 
definite nitrogen percentages and definite solubilities. Taking 

1 Mém. des poudres et salpétres, 10, 64. 
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2 molecules HNO, as unity (= 1), and denoting 1 mol. H,SO, by 
a, 1 mol. H,O bye, he calls the magnitude (1 + a@)—c= the 
‘‘ characteristic’’ of the mixture. He asserts that mixtures with 
é@>o yield products with much nitrogen and low solubility, 
mixtures with “ <o, soluble products, of which those where / is 
only a like above — 1, contain the maximum of nitrogen. 

It was not likely from the outset that the incomplete materials 
of which Kisniemsky disposed would lead to a mathematical 
formulation of the chemical action in question, an ambition which 
I do not even entertain for the much more complete materials 
offered in this paper. It may suffice to state that the indications 
yielded by his formula are quite uncertain and in many cases of 
the greatest importance they would be directly misleading. At 
all events they are useless for practical work. 


HT. Influence of the Lower Oxides of Nitrogen in the Acid Mixture 
on the Stability of the Nitrocelluloses. 


Every description of commercial nitric acid, at least of higher 
strength, contains lower oxides of nitrogen. It is now generally 
assumed that in concentrated nitric acid (and we here deal only 
with such) the lower oxides consist essentially, if not exclusively, 
of nitrogen tetroxide, N,O,, formerly called ‘‘hyponitric acid,’’ and 
generally considered as the mixed anhydride of nitrous and nitric 
acid, NO—O—NO,. This view is, of course, greatly complicated 
by the fact that the vapor of nitrogen tetroxide begins to split 
up, when heated above its boiling-point, into molecules of NO,, 
until at about 160° only such exist. But we need not go into a 
theoretical discussion of the behavior and constitution of this 
vapor, since we have here to deal merely with liquid N,O,, and 
this certainly behaves entirely as a mixed anhydride in presence 
of strong sulphuric acid, the reaction being H,SO, + N,O,= 
NO,H + SO,(OH)(ONO); that is, nitrogen tetroxide then splits 
up into equal molecules of nitric acid and nitrososulphuric acid 
(chamber crystals). 

Surely the above reaction is a reversible one, and therefore 
we must assume the presence of some N,O, in any mixture of 
sulphuric acid, nitric acid, and nitrososulphuric acid; but the ex- 
haustive investigation of this subject by Lunge and Weintraub' 
has shown that the amount of free N,O, is extremely small, if 

1 Ztschr. angew. Chem., 1899, pp. 393 and 417. 
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there are equal quantities of sulphuric and nitric acids present, 
and is reduced to mere traces where the sulphuric acid prevails. 
Since in the manufacture of nitrocelluloses we have always to 
deal with a mixture of strong sulphuric and nitric acids, we must 
assume that any nitrogen tetroxide introduced by the latter is 
converted in the acid mixture half into nitric acid and half into 
nitrososulphuric acid. As nitrososulphuric acid is a derivative 
of nitrous acid and easily regenerates the latter in contact with 
water, alkalies, etc., it is prima _facte not impossible that it might 
form nitrous esters with cellulose ; and even mere traces of free 
N,O, might lead to the same result, since, on being destroyed 
by esterification, they would be re-formed from the mixture 
of nitric and nitrososulphuric acids. Now the nitrous esters of 
cellulose might tend more to spontaneous decomposition than 
the nitric esters, and this would diminish the stability of 
nitrocellulose. All this, however, is entirely hypothetical, and 
only actual experiment can show whether the presence of N,O, 
in the original nitric acid does or does not affect the properties of 
the guncotton manufactured from its mixture with sulphuric acid. 
Berthelot’, when saponifying nitroglycerine, found a considerable 
proportion of potassium nitrite along with nitrate. But even if 
we apply this observation to guncotton, which would be quite ar- 
bitrary, it affords no proof of the quantity of nitrous esters origi- 
nally present (not formed by secondary reactions) and still less 
of their action concerning the stability of the guncotton. 
Practical manufacturers mostly consider the presence of ‘‘low 
oxides’’ injurious in the manufacture of both nitroglycerine 
and guncotton.” But I can find no proof whatever for this 
opinion, except a paper of Payen’s, from the earliest childhood 
of nitrocellulose.’ He states that ‘‘ hyponitric acid’’ diminishes 
both the yield and the nitrogen percentage of guncotton, and the 
guncotton thus produced also yielded inferior results with the 
ballistic pendulum, but there is nothing said about stability. 
Even if it were otherwise we could not acknowledge that ancient 
preparation of Payen’s as a fair sample of guncotton and as a real 
proof for the action of N,O,. 
Apart from the question of stability, I have found Payen’s 


1 Compt. rend., September 17, 1900. 

2 Compare, for instance, the discussion in the New York Section of the Society of 
Chemical Industry, /. Soc. Chem, Ind., 1900, p. 645. 
3 Compt. rend., 24, 86, 1847. 
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assertion concerning the nitrogen percentage and: yield to be 
erroneous. In 1898 we made comparative tests, adding to a mix- 
ture of 3 parts concentrated sulphuric and 1 part concentrated nitric 
acid, various quantities (vzz., 2.10, 6.43, 12.01 per cent. liquid 
nitrogen tetroxide) but with the first two mixtures we found 
exactly the same percentage and yield, and only when adding 
12.01 per cent. N,O,, the nitrogen fell to 13.22 per cent., still 
quite a respectable figure. In 1900 we repeated this test, employ- 
ing a mixture of 60.71 per cent. sulphuric acid, 30.67 per cent. 
nitric acid, 8.52 per cent. water, to which were added (as shown 
by analysis) various percentages of nitrogen tetroxide with the 


following results : 
- Nitrogen in 


N2O4 guncotton. Yield. 
No. Per cent. Per cent. Per cent. 
I 0.13 13.55 174.53 
2 0.99 13.50 175.02 
3 1.84 13.56 173.98 
4 5.15 13.56 175.60 


This proves that contrary to Payen’s assertions and the opinion 
of many practical men the presence of ‘‘ low oxides’’ far above 
the proportion ever found in commercial acids has no influence 
whatever either on the nitrogen percentage or the yield of guncotton. 

This, of course, does not touch the question of stability. Before 
entering upon this, we had to ascertain which of the various 
methods for testing the stability of nitrocellulose was both trust- 
worthy and applicable to our case. All these methods are em- 
pirical and to a great extent arbitrary, for they assume that the 
stability during a long period of ordinary (summer) temperatures, 
runs parallel with the evolution of nitrogen oxides during a short 
time of heating to higher temperatures. This may not, in reality, 
be the case, but I could not, of course, go behind the ordi- 
nary assumption, and it was merely the question of ascertaining 
which method it would be best to choose among those employed 
or proposed for testing commercial guncotton. 

The oldest and even now most generally employed method is 
Abel’s heat test, which is too well known to need description 
here. The principal objection to it is that it fails in the presence 
of mercuric chloride and perhaps of other substances added to 
commercial guncotton for the purpose of preventing mildew, but 
this of course could not interfere with our experiments, where no 
such ingredients come into play. 
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Principally on account of the just-mentioned drawback Gutt- 
mann proposed diphenylamine as an indicator, to be employed just 
like the potassium iodide in the Abel test, by observing a blue 
streak suddenly appearing between the wet and dry portion of 
the test paper." Thomas’ and Spica’ reject Guttmann’s test; but 
although we could certainly not notice the sudden appearance of 
the blue streak as described, we succeeded, after some practice, in 
obtaining sufficiently concordant results by means of that test as 
will appear below. 

Spica himself recommends metapheny]enediamine which we had 
no opportunity of testing, as his communication reached me after 
the conclusion of that part of our work ; it is probable that this 
reagent would be foo delicate for practical purposes. 

Thomas indeed rejects all test papers as being too sensitive, 
and applies a pure heat test, consisting in heating the samples 
during eight or ten hours at 100° until red vapors appear. 

A most interesting discussion on stability tests in the London 
Section of the Society of Chemical Industry‘ and the above-men- 
tioned highly important paper by Professor W. Will, printed for 
private circulation by the New Babelsberg Central Station for 
scientific technical investigations in December, 1900, were equally 
too late for the purposes of my own investigation, but they would 
not have affected it toa greatextent. It is, however, very impor- 
tant to notice that Will comes to the conclusion that the results 
obtained by the Abel test (which was employed in reaching my 
conclusions) are mostly in satisfactory agreement with those ob- 
tained by his own test ; vz., estimating the quantity of nitrogen 
given off by nitrocellulose when being heated to 135° during four 
hours. This test he considers to be much more indicative of 
the stability of such products than all tests founded upon the first 
appearance of nitrous vapors as utilized in all other tests. I be- 
lieve therefore we have a right to say that the conclusions drawn 
from the following experiments are based on a trustworthy 
foundation. 

To compare the stability of samples of guncotton prepared with 
or without ‘‘ low oxides’’ of nitrogen, we had first to try how 


1 J. Soc. Chem. Ind., 1897, pp. 288, 293; Zischr. angew. Chem., 1897, pp. 233 and 265; 


1898, p. 1103. 
2 Jbid., 1898, p. 1027. 
8 Moniteur Scientifique, 1900, p. 313. 
4 J. Soc. Chem. Ind., 1901, p. 8. 
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far the methods employed for washing the product affected the 
heat tests. A properly nitrated sample was washed for three 
days with cold water, renewed every hour, always removing the 
previous water by a vacuum filter ; the washing was continued 
for three days with hot water of about go0° in the same way. 
Half of this sample (A) was dried in a current of dry air at 40°, the 
other half (B) in a vacuum desiccator over sulphuric acid. The 
first (A) stood the Abel test at 70° for 4'15’’, the second (B) for 
2'1”,—both quite insufficiently. Since Thomas had asserted that 
his test sometimes yields results entirely opposite to the Abel test, 
we subjected another sample of the same product to his test, by 
means of an oil-bath provided with a thermoregulator, but half a 
minute after the thermometer had marked 92°, a violent ex- 
plosion occurred, shattering the whole apparatus, and we cannot 
therefore, in the interest of the safety of the manipulator, recom- 
mend the application of Thomas’ tests to samples showing a very 
low Abel test. Where the Abel test yielded a good result, we 
applied Thomas’ test without any accidents. 

No better results were obtained by washing during seven days, 
partly cold, partly hot, with mechanical agitation of the guncot- 
ton in the bath. When adding to this treatment another day’s 
washing with hot water, to which a little sodium carbonate was 
added, so that alkaline reaction existed up to the end, and assur- 
edly no free acid could be left in the fiber, the Abel test went up 
_ only to 8’, still quite an insufficient result. 

Clearly the cause of this could not be any free acid still present 
in the guncotton ; one must think of unstable products formed 
by the action of the acids on foreign substances present in the 
cellulose or from cellulose itself by secondary action. Will and 
Lenze' have examined many nitrated carbohydrates (which might 
be thought of in this respect) for their stability, and found them 
generally very. unstable ; some of these, even when previously 
insoluble in water, would be removed by boiling with water for 
some time, which is an operation always carried out in manufac- 
turing guncotton on the large scale. 

Lenk and Cross’ remove such foreign substances by means of 
acetone, diluted with water to such an extent that it does not dis- 
solve the guncotton itself, and they thus obtain an Abel test up 


1 Ber. d. chem. Ges., 1898, p. 68. 
2 7. Soc. Chem. Ind., 1900, p. 642. 
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to fifty-five minutes. This is no doubt correct but we succeeded 
quite as well in reaching that limit without the above treatment 
by merely boiling with water during three days. 

We therefore proceeded in all further experiments as follows : 
After washing out most of the acid with cold water, the guncotton 
was cut into minute fragments (to imitate the action of the pulp- 
ing engine) and boiled for several days with frequently renewed 
water, and we thus attained a sufficient degree of stability. It is 
unnecessary to say that we had started with highly purified 
cotton wool, and no fatty matters or other accidental impurities 
could influence the stability of the product. 

The following comparative tests were made with this guncotton. 


























Temperature Abel Guttmann Thomas 
No. of test. test. test. test. 
I 66° 17'-15' 24'-23! 3 to 2} days. 
2 70° 13/-14! 19.5/-20! 
3 80° 6'-6! 10/-12! 
60 g 
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Diagram 3. 


The tests No. 1, 2, and 3 were made at different times ; when 
made simultaneously, the tests agreed even better than the above. 
There is a distinct parallelism between Abel’s and Guttmann’s 
tests, although the absolute values are naturally different, owing to 
the difference in the sensitiveness of the reagents. .This parallel- 
ism comes out very well in the graphical delineation of the results 
as shown here. 

Evidently we might have employed either Abel’s or Guttmann’s 
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test for our purpose, as we had nothing to do with the ingre- 
dients masking the former ; and as the final point is rather better 
marked in the former than in the latter, we adhered to Abel’s 
test. 

In order to apply it to the question to be decided, a number of 
precisely parallel experiments was made, with the only difference 
that in each case one nitration was made in the absence of nitro- 
gen tetroxide, the other in the presence of certain quantities of 
such. ‘The acid mixtures were always the same; the operation 
was carried out at the same time, the products being washed and 
dried precisely in the same way and tested in the same water- 
bath. Unless such absolute parallelism is kept up, the results 
may vary and may be deceptive, as proved by a number of pre- 
liminary experiments. 


Series ].—The nitrating mixture consisted of 3 parts sulphuric 
acid (sp. gr. 1.84), and 1 part nitric acid (sp. gr. 1.52). Half of 
it was mixed with 4.93 per cent. nitrogen tetroxide, estimated by 
titrating the mixture with potassium permanganate, and a suffi- 
cient quantity of pure nitric acid was added to the other half to 
represent the HNO, formed from N,O, according to the reaction : 


N,O, + H,SO, = HNO, + SO,NH. 


The products obtained by nitrating cellulose with both mixtures 
at the same time, were freed from acid by pressing, cold wash- 
ing, cutting up most finely, boiling with frequently renewed 
water for four days, pressing and drying for six days in a vacuum 
desiccator. Each time a sample of known quality (kept in the 
damp state and dried immediately before the experiment) was 
tested along with the other samples in order to make sure of the 
unchanged sensibility of the test-paper. Usually the time and 
temperature of explosion was also ascertained by heating 0.01 
gram in a test-tube in an oil-bath. The samples left over from 
testing were taken out of the test-tube, spread on large watch- 
glasses protected against dust, and the test repeated after some 
time. 

For each test 1.2 grams dry guncotton were weighed out and 
each sample tested in duplicate, all four being heated at the same 
time in the same water-bath. 
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RESULTS. 
‘ , . , Check sample 
Without nitrogen With nitrogen for controlling 
Date of test. tetroxide. tetroxide. the test-paper. 
‘a’ a” o o” c 
Dec. 5, 1899. 25’ 27’ 37’ 36/ 14 
¢ Expl. 188.5° 188° 195° 
\Time 5/11” { 5/10// 6/ 
Jan. 12, 1900. 44’ 45’ 52’ 50’ x3’ 
Expl. 187° 186° 201° 
Time 5/35” 5/33” 4/30” 
March 6, Igoo. 55’ 54’ 64’ 64’ 
{ Expl. 187° 186.5° { 196° 
Time 5/30” { 5/29” 6/ 


The first line always shows the time required for the Abel test 
at 80°; the second the explosion temperature; the third the time 
elapsing before an explosion occurs. 

The Thomas test showed for samples a, two and one-half 
days; for samples 4, three days; for samples c, three days. 

The result was that in each case the guncotton prepared with 
nitrogen peroxide showed a distinctly better Abel test than that pre- 
pared without nitrogen tetroxide. Of course, I am far from gen- 
eralizing this, but I am bound to state the fact as found. The 
explosion of the first kind of guncotton (samples 4) certainly 
took place a few seconds before samples a, and at 0.5° or 1° lower 
temperature, but this does not appear to be an appreciable differ- 
ence. The second explosion could not have been brought about 
by the first, for the samples ¢ throughout maintain their distance 
from a and 4, although heated in the same oil-bath. It should 
be noted that there is no parallelism between the Abel test and 
the explosion test; the samples c, strongly inferior as to the 
former, required a considerably higher temperature for explosion. 

The fact that the repetition of the test after an interval of one 
or two months always yielded higher results, may possibly be ex- 
plained by the slight loss of nitrogen during the testing. How- 
ever, it is remarkable that the stability was not diminished, but 
considerably raised, by repeatedly heating to 80°. 

The Thomas test also came out better for the guncotton pre- 
pared with nitrogen tetroxide than for the other kind.’ 

Series IIT.—The addition of nitrogen tetroxide was now raised 
to 9.28 per cent. In this case we wished to determine also the 
yield, for which purpose the mass, each time when the water was 
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to be removed, was poured through a paper filter attached toa 
vacuum pump, while in Series I, where porcelain funnels with 
sieve-plates and filter-pumps were employed, the guncotton re- 
mained perfectly white ; in Series II, a small quantity of brown 
matter collected at the bottom of the filter, and in the Abel test 
the test-paper was deeply stained after three minutes. This 
bad result could be referred only to the brown matter just 
mentioned. This was removed by repeating the boiling sev- 
eral times, and this time again passing the mass through a por- 
celain sieve, which allowed the brown substance to pass through, 
together with a few fibers of guncotton, both settling out from 
the filtrate. The quantity of the brown matter was too small 
for detailed investigation ; it decomposed at 193°, with carboni- 
zation, but without explosion ; it was insoluble in dilute acetone, 
and hence not identical with the substance to which Lenk and 
Cross attribute the instability of guncotton. This brown matter 
appeared in both cases, a and 6, and has consequently nothing to 
do with the nitrogen tetroxide. It was probably formed by local 
overheating of fibers carried to the upper part of the flask during 
the boiling. The guncotton after the last described treatment 
was perfectly white and of sufficient stability. 

This time the tests were carried through twice over (A and B) 
at different times, each time with two samples, exactly as in 
Series I, the water-bath being kept at 80°. 








A. 
Samples without N2O,. Samples with N.0,. Check sample 
(a eel a for paper 
Date of test. a’. a", b. o”, & 
Jan. 7, 1900. | rs 14’ 47’ 18! 15! 
Expl. 186.5° { 186° {199° 
Time 4! 1’ 4! 5! 40” 
Jan. 26, Igoo. 37' 40! 41' 47! 15’ 
Expl. 1.86° { 185.5° 
Time 4! 42” 4' 407 
March 13, 1900. 48' 47' 45' 51/ 14' 
{ Expl. 190° f 188° 
Time 3! 36” 1 3! 34” 
B. 
Samples without N2O,. Samples with N,0,. Check sample 
- OF for paper. 
Date of test. a a", ay. bY. c. 
Jan. 5, 1900, 15! zat 15/ a! 16! 
Expl. 186.5° { 186° ho 
Time 4! 26” 4 25” 4! 207 


$e 
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Samples without N.O,. Samples with N.O,. Check sample 
—_ eee for paper. 
Date of test. a’ a”. ov. a; st 
Feb. 3, 1900. 36 34! 34' 35' 15 
Jf Expl. 186.5° § 185.5° 
(Time 5/ 2” Ne 
March 13, 1900. 47' 49! 51! 56’ 15 
Expl. 191° { 190.5° 
Time 3/5” 3/ 4’ 


Both Series II, A, and II, B, agree with the results of Series I 
in showing that the presence of nitrogen tetroxide does not lower 
the Abel test, in the raising of the test on repetition, and in the 
minute difference of the explosion temperatures. It is also inter- 
esting to note that the results of Series II, A and B, although 
carried out at different times, agree excellently with each other. 

The nitrogen percentage of sample a was 13.04, of sample 6 
13.09, both practically the same, but somewhat lower than the 
acid mixture employed would have yielded without the prolonged 
boiling ; véz., 13.35 to 13.42. Guttmann' notices this lowering 
of the nitrogen percentage by boiling on the large scale, while 
Bruley,’ after 260 hours’ boiling, found a diminution of only 1 cc. 
NO ~0.06 per cent. nitrogen. 

Series [JI,—Since in the last series we had not handled gun- 
cotton of the highest percentage, owing to the three days’ boiling, 
we prepared a new sample with only one day’s cold washing and 
four hours’ boiling. It showed 13.37 to 13.35 per cent. nitrogen, 
which is quite equal to a good commercial guncotton. The 
stability test yielded. 


Date of test. Without N20,. With N20. 

June 21, 1900. 3/ — 3" 20” 3/.- 3’ 40” 

July 4, 1900. 4/-4/ 15” 4 -4/ 19” 
Expl. 166° 164° 
Time 3/52” 3/ 50” 


The stability is low, but again there zs no difference in favor of 
the product made without nitrogen tetroxide. 

Ultimately we tested for solubility, because Payen had asserted 
that the guncotton made in the presence of nitrogen tetroxide is 
soluble in ether-alcohol; that made without nitrogen tetroxide in- 
soluble. We found absolutely no difference in this respect, and 
Payen’s statements of the year 1847 must therefore sal altogether 
excluded from further consideration. 


1 ** Schiess und Sprengmittel,"’ p. 86. 
2 Mém. des poudres et salpétres, 8, 131. 
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The above shows that nitrogen tetroxide, when added to a 
mixture of strong sulphuric and nitric acids, even up to the enor- 
mous amount of 9.28 per cent., has no such deteriorating action 
on the stability of guncotton as is generally assumed. But for 
the sake of completeness it may be mentioned that free nitrogen 
tetroxide, in the liquid form, has a destructive action on cellulose. 
100 grams liquid nitrogen tetroxide, acting on 8 grams pure cot- 
ton during three days in the ice-safe, converted it into a viscid 
mass, the fibers being strongly enlarged, and mostly soluble in 
boiling water. The solution reduces Fehling’s solution on boil- 
ing and gives precipitates with phenylhydrazine (insoluble in the 
ordinary organic solvents) as well as with lead, silver, and barium 
salts. 

I believe this fully justifies the conclusion that ztrogen tetroxide 
(‘‘low oxides’’ ) 2” the nitric acid, even far beyond the proportion ever 

found in commercial acids, has no injurious action in the manu- 
facture of guncotton, neither toward nitrogen percentage, yield, 
nor stability as measured by the ordinary tests. I should have 
liked very much to approach the'same question for zztroglycerine, 
which may or may not behave in a way similar to nitrocellulose ; 
since the prejudice against nitrogen tetroxide has proved to be 
wrong in one case, it might possibly be so in the other case. But 
I must leave this task to others; the handling of xztroglycerine 
is so much more dangerous than that of nitrocellulose that I did 
not feel justified in undertaking such work in a public laboratory 
where hundreds of students congregate. 


I. Behavior of Different Commercial Grades of Cotton in Nitration, 
Especially for the Manufacture of Collodion Cotton. 


All our researches had been made with the same material, z2z., 
the purest form of cellulose obtainable in the shape of ‘‘ surgical 
cotton wool,’’ which is, of course, much too expensive for manu- 
facturing commercial nitrocelluloses. 

In ordinary practice good cotton waste, mechanically purified, 
and boiled in alkaline solutions, is the material of the manufac- 
turer. Of course this cotton waste belongs to many different 
commercial grades of cotton, and some practical men believe that 
their failure to obtain uniform products is caused by differences 
in the originalcotton. Especially itis believed that this accounts 
for the alleged ‘‘ fact’’ that by the same mixture of acids (?) 
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sometimes a soluble, sometimes a difficultly soluble, collodion 
cotton is obtained. 

Looking at the complicated structure of the cellulose molecule 
on the one side, and at the greatly varying morphological struc- 
ture of the vegetable fiber, even that of various species of cotton 
fiber, on the other side, it cannot be denied that there is some 
prima facie reason for the above assumption. 

Nettlefold' obtained different products when nitrating wood fiber 
and cotton by the same acid mixture ; the former yielded a product 
with 11.2 per cent. nitrogen, and 41.6 per cent. soluble matter ; 
the latter yielded the highest degree of nitration and only 8 per 
cent. soluble matter. I am not aware whether wood fiber (‘‘cel- 
lulose’ of the German manufacturer, made by various processes, 
viz., the soda, sulphate, and sulphite processes) is anywhere used 
in the manufacture of collodion cotton, but even when confining 
ourselves to ordinary cotton, there might have been something in 
the opinion that various grades of this would behave differently 
in the nitrating process. Indeed I must confess that I started 
from this as the most probable assumption. 

In order to bring it toa test, I procured from the leading cotton 
mills in Switzerland authentic samples of the most varying grades 
of cotton, which were carefully cleaned mechanically and washed 
in the same way as in the manufacture of guncotton and nitrated 
with the same acid mixture (63.84 sulphuric, 16.96 nitric acid, 
19.20 water), keeping all the conditions of the experiments 
exactly alike. Together with these we nitrated a sample of our 
‘‘chemically pure surgical cotton wool,’’ with the following re- 
sults: 


Solubility in 
Nitrogen. ether-alcohol. Yield. 


No. Commercial designation. Percent. Percent. Per cent. 
1, Chemically pure surgical cotton wool 11.76 100 159 
2. American cotton ‘‘ middling fair’’... 11.56 100 157 
3. American cotton ‘‘ Florida’’ ........ 11.67 100 153 
4. Egyptian cotton, white, ‘‘Abassi”.. 11.69 100 155 
5. Egyptian cotton, natural yellow...-. 11.61 100 154 


This shows that, contrary to my own assumption, ‘there is no 
essential difference in the quality of the collodion cotton obtained 
Srom these extremely differing grades of cotton. ‘They are all com- 
pletely soluble; the nitrogen differs only by 0.13 per cent. among 
all the commercial cottons, and only by 0.20 7” maximo against 
1 Chem. News, §§, 306. 
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the pure surgical cotton. The latter is easily explained by the 
difference in purity, the surgical cottons containing only 0.05 
per cent. ash, the commercial cottons averaging o.5 percent. ash, 
but this is evidently quite immaterial for manufacturing purposes. 

The varying results observed in manufacturing nitrocellulose, 
especially collodion cotton, must therefore of be attributed to 
variation in the quality of the cotton employed, but most proba- 
bly to unequal conditions of nitration, perhaps as regards tem- 
perature, but most probably as regards differences in the percent- 
ages of water contained in the acid mixture, which may have 
been overlooked by the manufacturer. The preceding inves- 
tigation shows that even very slight differences in the percentage 
of water may be of the greatest importance for the result, more 


important than even much greater differences in all other respects. 
ZURICH, May, Igo!. 





[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 57.] 
THE ELECTROLYTIC SEPARATION OF MERCURY FROM 
COPPER. 


By C. ROSCOE SPARE AND EDGAR F. SMITH. 


Received June 25, 1901. 

T intervals, since the electrolytic separation of mercury from 
A copper was first announced, statements have appeared that 
the separation was unsatisfactory. The first objection was to the 
length of time consumed, but it was soon observed in this labora- 
tory that this factor was very materially reduced upon heating 
the electrolyte to 65° C. Then it was said that the separation 
was only applicable and satisfactory when the quantity of copper 
was not too large, as compared with the amount of mercury in 
the solution. Proper replies were made to these restrictions 
upon the method, but recently another chemist, in the person of 
Emil Goecke, published in his inaugural thesis ‘‘Ueber den 
Genauigkeitsgrad elektro-analytischer Arbeitsmethoden,’’ etc., 
that he not only required from sixteen to twenty-four hours to 
effect the separation, but that in only three instances did he find 
the mercury free from copper. It is not the purpose of the 
writers to question Goecke’s ability to conduct electrolytic work, 
or analytical work of any kind for that matter, but they feel that 
it is only fair to lay additional actual experience before the reader, 
leaving time and further trials to determine finally who is right. 
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In this laboratory the method in question has been so frequen tly 
carried out with success that it seemed almost useless to repeat ; 
but the following trials were undertaken and the results are 
presented in the order in which they were obtained. The details 
are sufficiently indicated in the tables. 


TABLE. 
In the approximate proportion of 1 Hg: t Cu. 
: 3 
+7) = 
a “ , §£ mo od = : s 
ce RE gE = . 7 Ab Be 
os og Ohiia:; 5 S ty «OES vs 
ZO 00, MO AS 3) > BS BE zO 
O.I2II 0.1§20 2.5 125 N.D.,., =0.03 A { e¥ 65° 3 o.12IF 
O05 1" ft.2V ° 
O.12II 0.1520 2.5 125 N.D.j95 = 0.03 \rgv 60 24 0.1208 
0.0 2 
O.12II 0.1520 2.5 125 N.D.1., = more ins Vv 63° 3 0.1215 
1 Hg: 2} Cu. 
O0.12II 0.3040 3.5 125 N.D.1; = ors {2h 65° 34 0.1202 
O.1211 0.3040 3.§ 12§ N.D.,.. = pre ee 65° 34 = (0.1205 
5 (320 : 
O.12II 0.3040 3.5 125 N.D.»; = \ eee Vv 65° 4 0.1210 
1 Hg : 6} Cu. 
a ead (aed es Gif © 
0.0453 0.3040 3.5 125 N.D..»; = Sat 1 ie Vv 65° 24 0.0453 
y .03 1.2V 
0.0453 0.3040 3.5 125 N.D.395 toe \ { 15 V 65° 3 0.0455 
2 RIV ; 
0.0453 0.3040 3.0 125 N.D.., = a \ 1 ia V 60° 4} 0.0449 
1Hg :11Cu. 
0. i; Sic on, P 
0.0453 0.5115 6.0 135 N.D.yo5 = poe 11s V 65° 22 0.0453 
om 0.0 1.3 V 
0.0453 9.5115 7-5 135 N.D.y25 = oh} ir5V 60° 3} 0.0447 
, 1.2 
0.0453 0.5115 5.5 135 N.D.j05 =o {rev 60° 21 0.0454 
3 Hg:1 Cu. 
0.1211 0.048 2 1256 ND... ae} {1.5 V 60° 23 0.1210 
< 10493 Ss _ ee 608 Uns V 4 : 
: 1.5 V 
O.t3Ir 0/0483. 2.3... 125. N:D.., = oe \ tay V 60° 4% 0.1213 
Cee e es 
O.12II 0.0483 2.0 125 N.D.iss = Cor S Uisv 65° 3 0.1205 


1 Maximum and minimum currents. 
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The deposit of mercury was, in each case, tested most carefully 
for copper, but the latter was never found. Why Goecke 
encountered the opposite experience we are not prepared to say. 
The only reagent used for washing was cold distilled water. 
The source of the electric energy was storage cells. The time 
factor here, as in numerous other experiments, is much reduced. 
From the abundance of evidence here presented on this topic 
and in former communications we are disposed to leave the con- 
troversy to those who delight in such occupation. We submit 
facts. They alone settle difficulties. 

Goecke emphasizes the statement that carbon is present in 
metals deposited by the current from potassium cyanide solutions, 
‘‘jedoch in so minimalen Mengen, dass dieselben fiir die Praxis 
kaum in Betracht kommen.’’ Indeed, in but a single instance 
did it attain to 0.1 per cent., so that another writer has said 
‘“‘aber in so minimaler Menge, dass die Versuchsfehler der 
Bestimmungsmethoden kaum tiberschritten wurden.’’ And we 
are disposed to add that in all probability a more thorough 
washing of the precipitated mercury would have removed the last 
traces of alkaline cyanide and the test for carbon would have 
resulted negatively. 

One of the chief purposes of Goecke seems to have been the 
study of the impurities contained in metals precipitated on the 
cathode. He points to the occurrence of carbon in the iron 
deposited from a citrate solution. This fact was commented 
upon by the person who first precipitated iron from that electro- 
lyte. It is an old story, and before long we shall very probably 
hear from Dr. E. F. Kern on this subject. He has executed a 
series of experiments showing upon what this co-precipitation of 
carbon is due and how it may be avoided. In time, too, we 
hope tospeak of theoccurrence of phosphorus in metals, deposited 
from solutions of phosphates. Goecke records it as an ever- 
present impurity in the metals deposited from such electrolytes. 

But to return to the electro-deposition of mercury. The litera- 
ture relating to this reveals the fact that very little experimenta- 
tion in this way has been done with mercury in the presence of 
three or four other metals. Indeed, this is a direction in which 
investigation could be profitably conducted. We submit results 
obtained by us in following this thought. 
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cf 86a 38 Uf =, 3 3 og &e gf 
ZO 00 OO MO QS S) > HS BE AO 
O.I2II 0.1207 0.1410 4.0 135 N.D.195 = 0-04 A hee 65° 34 0.1204 
O.I2II 0.1207 0.1410 3.5 135 N.Diig eM A} {ry 65° 34 0.1211 
QO-I12II 0.1207 0.1410 3.0 135 NDigsoeret {ry 65° 4% 0.1207 
O.I2II 0.1207 0.1410 3.0 135 ND. = 0-034} {Py 60° 44 0.1203 
O.12II 0.1207, 0.1410 3.0 135 Wig ee {ry 60° 4 0.1208 
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7 = 2 

tae Pita 2 has # ‘ie. SR i 
Be ke Ee gh wes : gs §& gf gé 
cf PE Ye S88 JES, 5 6 sys os 
ZO 00 oS NO MO AS 3) > Fo RE AO 
0.1211 0.1207 0.1410 0.1000 9.0 135 N.D amen {14 60° 5 0.1206 
O.I2II 0.1207 0.1410 0.1000 5.0 135 WD acon} {PSY 60° 3% 0.1207 
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THE PRECIPITATION AND SEPARATION OF SILVER IN 
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By W. H. FULWEILER AND EDGAR F. SMITH. 


Received June as, 1901. 

HE fact that silver can be quantitatively determined in the 
electrolytic way is wellknown. It has had ample confirma- 

tion in this laboratory, where numerous estimations of the metal 
in cyanide solution have been made. _It is probable, too, that it 
was here that the first quantitative results with this electrolyte 
were obtained although it is customary to credit the method to 
Luckow notwithstanding, in his published account of the electro- 
deposition of silver from its double cyanide solution, he presents 
no quantitative data, and merely remarks in regard to such solu- 
tions: ‘‘So fallt aus solchen Losungen das Silber gleichmassig 
in regulinischer form mit mattem Metallglanze nieder.’’’ But 
be that as it may, without any further reference to the origin of 
the method, the latter is most deserving of consideration, and to 
1 Ztschr. anal. Chem., 19, 15. 
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extend in some measure its general applicability we have made 
separations of silver from solutions in which three or four other 
metals were simultaneously present. It is the results in this 
direction which we most desire to put upon record. 

Those interested in electrochemistry will at once recall that in 
the hundreds of separations made with the current more than two 
metals rarely were present in the electrolyte. Now that electro- 
chemical analysis is daily becoming more prominent the proper 
working conditions for such problems should be ascertained. It 
is probable that this phase in electrolysis has been too long neg- 
lected. We give first results obtained with silver alone. 


Dilu- Potassium Silver 

Silver. tion. cyanide. Current. Temper- Time. found. 

Gram. ce. Grams. N.D.19. Volts. ature. Hours. Gram. 

I+. 0.2133 125 2 0.03 A 2.5 65° 4 0.2132 
i 0.2133 125 2 0.03 A 2:5 60° 3 0.2133 
3-- 0.2133 125 4 0.04 A 2.5 60° 3 0.2131 
4+. 0.2133 125 2 0.025 A 2:7 60° 4 0.2134 
5: 0.2133 125 4 0.025 A 2:7 60° 3 0.2135 
6 .. 0.2133 125 2 0.025 A 2.7 60° 4 0.2125 


In trials 1 and 2 the metal was precipitated upon a dish, while 
in 3 and 4a plate cathode, and in 5 and 6a cone was used to 
receive the silver, which was very adherent, and brilliant in luster. 
It was washed with water, alcohol, and ether. 

The first thought was to further test the separation of silver 
from copper, making a special point in varying the quantity of 
the latter metal. 


SILVER FROM COPPER. 


Potassium Dilu- y Silver 
Silver. Copper. cyanide. tion. Current. Temper- Time. found. 
Gram. Gram. Grams. e. N.D.y00. Volts. ature. Hours. Gram. 
0. 1066 0.1053 2 125 0.021 A 3:2 60° 44 0.1066 
0.1066 0.1053 2 125 0.02 A 1.25 55° 6 0.1064 


0.1066 0.1053 2 125 0.02 A 1.25 55° 6 0.1065 


The silver was completely precipitated. It was found to be 
free from copper. 
The next ratio was 1Ag: 2Cu: 


Potassium Dilu- . Silver 
Silver. Copper. cyanide. tion. Current. Temper- Time. found. 
Gram. Gram. Grams. cc. N.D..100- Volts. ature. Hours. Gram. 


0. 1066 0.2106 2 125 0.02 A 1.25 60° 34 0.1066 
0.1066 0.2106 2 125 0.02 A 1.25 65° 34 0.1065 
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With the ratio 1Ag : 5Cu the results were : 


Potassium. Dilu- Silver. 
Silver. Copper. cyanide. tion. Current. Temper- Time. found. 
Gram. Gram. Grams. ec. N.D.100. Volts. ature. Hours. Gram. 
0. 1066 0.5265 4 125 0.03 A 1 65° 3} 0. 1066 
0.1066 0.5265 4 125 0.02 A ee 60° 3} 0. 1068 


The experience gathered from these determinations shows that 
the separation of these two metals can be conducted in this par- 
ticular way with the certainty of success. In several instances 
the liquid from the silver was diluted to 500 cc. and electrolyzed 
with a more powerful current when the copper was fully precipi- 
tated and showed the absence of silver upon applying the custo- 
mary tests. ~ 


SILVER FROM COPPER AND CADMIUM. 


F ry : 
; < = z 
F =. : s = 3 
‘ a: (Ate Biowgy Sup =e 
ce Ea Ef #58 3 g = 3 & gf i 
2 Qs 7 Sas = £a ot | #3 > 
Bd ok a One a s. iC) 7) = 2 .—3 4 
BO 00 -d0 BO AS Oz > a 8 nO 
0.1066 0.1053 0.1128 3 I25 0.02 46.25, 65° ,. BF, 0.1063 
0.1066 0.1053 9.1128 3 125 “O05S 245° G5t 4 0.1069 
0.1090 0.1053. 0.1128 3, 125 0.02 ESS 1652 : & 0. 1090 


The next step was the introduction of a zinc salt into the 
electrolyte. Strangely enough some cadmium was now found in 
the deposit of silver, but it was not long before the observation was 
made that if the electrolyte was heated to 75°-80° before passing 
the current the co-precipitation of cadmium could be absolutely 
prevented. The conditions are indicated in the subjoined table : 


7 ro ¢; 3 pg ' 
uo - f=} (3) vu . 
g z Re ¥ a 5 3 
v & s~ ~ Be = s 
& a go a so og £ & 
=: . . 7) ° - 4 Vv . 
ee Ve a: o = 5: “a Saal 
=| a. av S vs gi & es 
a | ee ee | ey 
ao afc) 5 NO G&S AS Oz > H BE Go 
0.1090 0.1053 0.1128 0.1244 4 125 0.02A 1.25 80° 5 0.1092 
0.1090 0.0526 0.0564 0.0622 5 125 002A 1.25 75° 6 0.1089 
0.1090 0.0526 0.0564 0.622 3.5 125 0.02A 1.25 75° 5. 0.1087 


The silver was found free from any of the other metals. In all 
the experiments made with the conditions as recorded in the 
preceding paragraphs the striking, brilliant luster of the deposited 
silver was particularly marked. 
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SILVER FROM COPPER, CADMIUM, ZINC, AND NICKEL. 


oe g E 
P Pe = 2 
a E ‘ wee a g Be Pi g ug 
os a £ os cy g§ Sg d& | 
gi gf ge ge ge #22 Ea 2 € £e fs 
ZO 06 S56 NO ZO HE AY OZ > & BE GO 
0.1090 0.0526 0.0564 0.0622 0.0411 4.5 125. 0.02A 1.2 75° 5} 0.1086 
0.1090 0.0526 0.0564 0.0622 0.0411 3.5 125 0.02A 1.2 75° 5§ 0.1085 


None of the other metals were found in the silver deposit. The 
addition of the nickel to the solution seems to retard the precipi- 


tation of silver to a slight degree. 
UNIVERSITY OF PENNSYLVANIA. 





NOTES ON THE ANALYSIS OF EXPLOSIVES. 
By F. W. SMITH. 
Received May 15, 1901. 


DETERMINATION OF SULPHUR. 


N gelatine dynamite containing from 1 to 3 per cent. of sul- 
phur, the following method is useful: Weigh out about 2 
grams into a silver crucible of 100 cc. capacity : fill it two-thirds 
full with an alcoholic solution of caustic soda. Warm carefully on 
a water-bath until the nitroglycerine is decomposed and then 
evaporate to dryness. Add next about 40 grams of solid caustic 
potash and 5 grams of potassium nitrate. Fuse the contents of 
the crucible carefully over a blast-lamp until all organic matter is 
oxidized. Dissolve in dilute acetic acid, filter from a small 
amount of insoluble matter, and precipitate the sulphates with the 
usual precautions. The results check very closely. 


AN INDIRECT METHOD FOR THE ESTIMATION OF NITROGLYCERINE 
IN GELATINE DYNAMITE, ETC. 


About 15 grams of the sample are completely extracted with 
chloroform in a Soxhlet apparatus and the loss in weight noted. 
In another portion the moisture is determined by desiccation 
over sulphuric acid for five days, careful experiments having 
shown that nitroglycerine is not appreciably volatile in a desicca- 
tor. Another portion of about 2 grams is carefully extracted 
with pure ether by maceration in a small beaker. The 
ether is poured through a filter and the extraction repeated three 
or four times. ‘The filtrate is now allowed to evaporate sponta- 
neously or with the aid of a gentle current of air. When the 
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ether is evaporated add about 5 cc. of ammonium sulphide solu- 
tion and ro cc. of alcohol. Warm gently on a water-bath until 
the nitroglycerine is decomposed and then add about 250 cc. of 
water and enough hydrochloric acid to give a strongly acid reac- 
tion, filter, and wash the precipitate free from acid. Now wash 
the precipitate out with strong alcohol and chloroform, collecting 
this filtrate ina weighed platinum dish. Evaporate at a low 
temperature and dry to constant weight at 50° C. The contents 
of the dish are now transferred toa silver crucible and the sulphur 
determined as above described. The increase in weight of the 
dish less this amount of sulphur represents the chloroform-solu- 
ble substances in the original sample except the nitroglycerine, 
moisture, and sulphur. The percentage of the former substances 
plus the moisture and sulphur in the original sample gives, when 
subtracted from the total chloroform-soluble, the percentage of 
nitroglycerine. 

In another portion, the residue in the platinum dish may be in- 
vestigated for resins, paraffin, etc. 


ON THE USE OF LUNGE’S NITROMETER. 


All the glass stop-cocks should be tight. In reference to the 
practical testing of stop-cocks, see this Journal, 21, 430. 

Standardizing the Nitrometer.—There are two methods applica- 
ble, the first of which I shall call the ‘absolute method’ and the 
second the ‘empirical method.’ The latter was devised by Dr. 
Clarence Quinan, of San Francisco. 

The first consists in admitting to the reduction tube a quantity 
of air such that if reduced to 0° C. and 760 mm. pressure, it 
would occupy a volume of 1oocc. The analysis is then made 
by weighing out a convenient quantity of nitrate, decomposing it 
in the usual way, introducing the nitric oxide into the measuring 
tube and regulating the pressure, so as to bring the volume of air 
in the reduction tube to 100 cc., while the surface of the mercury 
in the measuring tube is at the same level as the surface of the 
mercury in the reductiontube. If deemed preferable the level of 
the mercury in the measuring tube may be made to coincide with 
the level of the mercury in the reservoir tube so as to make the 
pressure in the measuring tube equal to the atmospheric pressure. 
The volume of nitric oxide is then read off and reduced to nor- 
mal conditions by the usual calculations. 
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The correctness of the results obtained in this method, aside 
from errors of manipulation, is affected by the following factors: 

(A) Theaccuracy of the barometer. 

(B) The accuracy of the thermometer. 

(C) The accuracy of the graduation of the reduction tube. 

(D) The accuracy of the graduation of the measuring tube. 

(E) The accuracy of the weights employed. 

It is evident that the work of calibrating all the instruments 
employed would be very considerable and it is not safe to assume 
the correctness of such instruments as they occur in trade. 

The empirical method is as follows : 

A sample of potassium nitrate is purified until it shows the ab- 
sence of impurities by the ordinary tests. It is then dried and 
the nitric oxide derived from a known quantity, is passed into 
the measuring tube. The quantity of air in the reduction tube is 
then varied until the volume of the nitric oxide is approximately 
that calculated from the amount of nitratetaken. The reduction 
tube is now sealed and a series of analyses of potassium nitrate 
made with slight variations in the amount taken, and in each 
case a correction factor determined which shows too per cent. in 
purity in the nitrate taken (see example below). The extreme 
variations in the determinations should not exceed 0.05 per cent. 
From this series of determinations a correction factor is calcula- 
ted which is applied to all determinations. 











EXAMPLE. 

0.5078 gram KNO, gave I11.7 cc. nitric oxide. 
LOg. ILI.7 cseeccccccccccccecccccscececs 0.04805 
LOg. 0.5078 «secee cece ccerceces . @ereccce 0.70569 

Log. of cc, per gram ...++++++++6- 0.34236 

0.5057 gram KNO, gave 111.2 cc. nitric oxide. 
LOg. CCoeececcee coccceccccesccccce cece 0.04610 
Log Bi osc ce ocvd Seed cae Vebees ebaweewes 0.70389 

0.34221 

0.5058 gram KNO, gave III.2 cc. nitric oxide. 
Log. Chvdce'cvcctecesd sevetececd overuse ds 0.04610 
LOZ. Sees cece ccccec cece ccceeececevcees 0.70398 

0.34212 


The average of these logarithms gives: Log. cc. per ‘gram 
0.34223, corresponding to 219.9. The correction is obtained by 
the proportion 221.0: 219.9, the first term being the theoretical 
cubic centimeters per gram for potassium nitrate. 
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LOg. 221.0+ecceeececeee cence cecccs teceee 0.34428 
LOG. 219.Q-ceeeeeccccce cece cece ccccccce 0.34223 
0.00205 


In other words in any analysis the mantissa of the logarithm 
representing the cubic centimeters per gram or the percentage of 
nitrogen must be increased by 0,00205. 





EXAMPLE. 

0.5913 gram guncotton gave 119.1 cc. of nitric oxide. 
LOZ. CCoceese cece cece cccccecceseerecess 0.07591 

LOg. Sesceeecccceecccccercvceccescvcces 0.77183 

0.30410 

0.00205 

0.30615 

This corresponds to 202.3.cc. per gram or 12.71 per cent. nitro- 


gen. 

The advantage of this method lies in the fact that all the 
sources of constant errors A to E are eliminated, no thermometer 
nor barometer being needed. The weights may be inexact if 
only consistent. The graduation of the tubes may be inexact 
and inconsistent. In fact they could be grossly inaccurate with- 
out affecting the accuracy of the results if separate corrections 
were made for each point on the measuring tubes. 

The obvious objection to the method lies in the difficulty of 
preparing a pure potassium nitrate which shall not have a low 
content of nitrogen by reason of the presence of foreign matter 
nor a high content of nitrogen from the presence of sodium ni- 
trate. These objections may be met by preparing samples of po- 
tassium nitrate from different sources. All should show the same 
percentage of nitrogen. Secondly, a sample of nitrate of soda 
should be purified and the correction factor determined from it 
independently. Within the limits of experimental error it should 
be the same as the correction factor derived from potassium nitrate. 


EXAMPLE. 
0.4302 gram sodium nitrate gave 112.5 cc.nitric oxide. 


Log. OP cnqenmetl smcie;tewe-.abmegieninen 0.05) 15 
Log. Bocce cvccce cocescceccscces cesccece 0.63367 
0.41748 

Log. theoretical cc. per gram for sodium 
WMEEPALE 2 dca cccccccsdsictccdoeccses 0.41954 





0.00206 
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As a third check.a sample of puredry nitroglycerine may be used. 

At one time in my work the reduction tube was set by aid of a 
barometer, since shown to be faulty. A sample of potassium ni- 
trate carefully purified showed in this case about 99 per cent. 
purity and a sample of sodium nitrate also carefully purified 
showed the same percentage of purity within the limits of error. 
The barometer setting of the reduction tube was therefore dis- 
carded and the correction factor introduced since it was manifest 
that, while either of the nitrates might be impure even after the 
most careful purification, it was in a high degree improbable that 
both should be impure and of exactly the same degree of impurity. 

During the hot weather of summer there is a distinct advan- 
tage in having a large subtractive correction factor. In this way 
the gas may be measured nearly at the pressure of the atmos- 
phere, thus avoiding the considerable strain on the stop-cock and 
consequent tendency to leakage. 

The nitric oxide may be measured either dry or moist, more 
conveniently, however,-in the latter condition. If so measured 
a few drops of water should be left ineach tube. As the tension 
of the aqueous vapor is the same in each tube, it may be neglected 
in the calculations. 

The sulphuric acid used in nitrometer work should be free from 
oxides of nitrogen and iron. It should be of 94 to 95 per cent. 
strength. In acid of 98 per cent. strength nitric oxide is quite 


freely soluble. 
CALIFORNIA POWDER WORKS, 
April, 1gor. 





AN AUTOMATIC FILTER-WASHER. 


By J. M. PICKEL. 


Received June 21, r90r. 

HE apparatus shown in the accompanying cut, consists of a 
battery of ten washers. ‘The parts of each washer are: A 
reservoir, 7, to contain the liquid with which the washing is done. 
A rubber tube, 2, provided with two thumb-screw clamps, 7, lead- 
ing from the reservoir to the delivery vessel. A delivery vessel, 
5, provided interiorly with a small siphon, which delivers the 
washing liquid intermittently in small portions on the substance 
being washed. A larger funnel, 7, containing the filter. A smaller 
inverted funnel, 6, covering the substance. The object of this 
funnel is, while it prevents spattering, to throw the liquid around 








J. M. PICKEL. 
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over the edge of the filter-paper, thus insuring that it be washed 
from the top downward at each delivery. It should be of such a 
diameter as almost, but not quite, to cover the filter-paper. A 
trough, 8, which conveys the washings, in case they are not 
wanted, into the waste pipe. A supporting frame, 9g, zo, 77. 





The apparatus is operated thus: The substance to be washed 
having been placed on the filters and covered with the inverted 
funnels, and the lower clamps having been closed, each reservoir 
is provided with a measured quantity of liquid adequate to the 
washing. To facilitate the measuring, the reservoirs should be 
graduated once for all. By means of the lower clamp discharge 
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the liquid rapidly into the delivery vessel until the siphon over- 
flows, then regulate (by the /ower clamp) the flow so that the 
liquid shall fall, drop by drop, into the delivery vessel at such a 
rate that the siphon shall not overflow till after all the liquid has 
passed out of the filter. This regulation insures the intermittent 
washing of the filter with entirely fresh portions of liquid at each 
delivery, and, with a little practice and patience, can be accom- 
plished in about ten to fifteen minutes for all ten of the washers. 
After the apparatus is once regulated, it requires no further at- 
tention—may be left going over night. 

The upper clamp is not necessary, but is at times convenient ; 
for example, if for any reason it is desired to stop the flow of 
liquid before the washing is completed, this is effected preferably 
by the upper clamp, thus leaving the ‘‘ se?’’ of the lower clamp 
undisturbed. ‘The efficiency of the machine depends upon the 
ease and accuracy with which it may be regulated. The screw 
of the regulating clamp must, therefore, have a fine thread ; the 
clamp must be firmly fixed in place, otherwise the merest touch 
will sometimes change the rate of flow. The washer at the ex- 
treme left of the cut shows a method of securing this fixedness. 
The clamps and attachment are there turned through an angle of 
go°. A piece of wood about two inches long and of rectangular 
section passes through the clamp. Transversely across the back of 
the piece of wood are shallow grooves in which the clamps fit. 
These pieces are firmly attached by screws to the frame-piece 
marked zo.. Small wire brads, one just above and one just 
below the clamp, and each slightly pressing against it, are driven 
a short way into the wood completing thus the steadiness of the 
clamps. The arrangement here described is satisfactory ; but 
doubtless a tube and glass cock, capable of delivering small drops 
(after the manner of a good burette), would be preferable. 

The quantity of water delivered at each discharge of the siphon 
should, of course, be sufficient to cover the substance but not 
enough to flood the filter to overflowing. The capacity of the 
delivery vessel may be varied by adding to or taking from it, 
small glass beads, coarse sand, or fragments of glass. It 
is evident that, if the siphon is on the outside of the de- 
livery vessel (after the manner of a Soxhlet extractor), the 
capacity of the vessel may easily be varied from its great- 
est volume down to an almost vanishing quantity by shoving 
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down into it a tube closed at its lower end (a test-tube for ex- 
ample); a small plug of rubber wedged in between would hold 
the tube at any desired level. A Soxhlet can be utilized asa 
delivery vessel; one, in possession of the writer, whose normal 
maximum delivery is 43 cc. can, in the manner just described, be 
instantly made to deliver any lesser quantity down to 7 cc. 

As is seen from the cut, the delivery vessels in the apparatus 
here described are what are known as carbon filters, for Gooch 
filters. Their dimensions are, for the large end, about 2 to 3 
inches in length and 14-inch internal diameter, small or stem end, 
about 2 inches in length and }-inch internal diameter. The long 
arm of the siphon passes through the stem and is made water- 
tight by a short piece of rubber tubing. They were regulated 
once for all to deliver about 10 to 15 cc. The siphons should 
be well made, particular care being taken that they are not flat- 
tened, or contracted, at the bend. A siphon thus contracted re- 
quires, especially when it becomes somewhat soiled internally and 
does not readily wet, considerable pressure to force the water over ; 
it will therefore vary considerably in the volume of liquid that 
it delivers at an overflow. For this reason also a narrow tall 
delivery vessel is to be preferred to one of larger diameter—there 
is less variation in the quantity of liquid delivered at each over- 
flow of siphon in the former than in the latter. A diameter (in- 
ternal) of not over an inch—of even three-quarters of an inch or 
less if practicable—is to be recommended. I especially call atten- 
tion to this, because I found that some of my delivery vessels, 
which were set to deliver about 10 cc. would, owing to the causes 
here detailed, sometimes cause my filters to overflow (I was using 
quite small, 9 cm. filters). The reservoirs in this apparatus 
were made by cutting off, near the bottom, pint bottles. 

Small percolators would be neater. 

The combination here described as an automatic filter-washer 
is, so far as the writer knows, new. At any rate, it was new to 
him and devised by him for washing water-soluble nitrogen (more 
especially nitricand ammoniacal nitrogen) out of mixed commercial 
fertilizers. It was used the past winter and spring for that purpose 
in the analysis of several hundred samples, and was found entirely 
satisfactory and a valuable labor-saver. Two nitrogen determina- 
tions were made in each case, one of total nitrogen, the other of 
residual nitrogen after washing with 300 cc. of distilled water. 
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There would seem to be no reason why this washer might not 
be used, with equal advantage, to take water-soluble phosphoric 
acid out of commercial fertilizers. A comparison of its work in 
this matter with the method of washing commonly practiced, 
was made with the following result on ten different fertilizers : 


Per cent. 





I. 2. 3. 4. 5. 6. Fi 8. 9. 10. 
Water-soluble P,O;- 6.65 4.55 9.51 9.31 8.04 9.24 5.97 6.10 5.06 6.00 
a ‘“* 6.42 3-78 8.92 8.75 7.88 8.65 6.10 5.68 4.72 5.42 


Difference...... 0.23 0.77. 0.59 0.56 0.16 0.59 0.42 0.34 0.58 


The percentages in the top line were obtained in the washings 
from the automatic washer; those in the second line were ob- 
tained in the usual way by directing a jet of water on the sub- 
stance and thoroughly stirring up at each washing. Two grams 
of fertilizer were taken in each case, and the same quantity (or 
about the same quantity), a little less than 300 cc. of water, was 
used for washing in each case. In all except one case, the auto- 
matic washer took out more phosphoric acid than the usual 
method. This is all the more remarkable inasmuch as the 
washer does not s#zv the substance to any appreciable extent. 
The explanation of the difference is perhaps to be found in this 
‘circumstance ; the washer delivered the water in small portions of 
about ro cc. at a time, whereas in the other case 30 to 40 cc. 
were used, the filter being larger; it thus came about that in the 
first case the samples got three to four times as many separate 
washings as in the second. There was this further circumstance: 
The machine, once set going, keeps up the work to the end, 
thus finishing the operation in a shorter time than did the hand 
washing, where the chemist was diverted by other operations 
which he was looking after at the same time. Such being the 
case, the phosphatés were in contact with the water a shorter 
time in the first than the second instance, and the monocalcium 
phosphate had less opportunity (less time) to ‘‘ vevert.’’ 

ANALYTICAL AND CONSULTING LABORATORY OF 


Dr. J. M. PICKEL, RALEIGH, N. C., 
June, Igor. 
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PREPARATION OF 2.5-DIMETHYLBENZALDEHYDE; THE 
ESTABLISHIIENT OF ITS CONSTITUTION AND PREP- 
ARATION OF SOME OF ITS DERIVATIVES. 


By EVERHART P. HARDING AND LILLIAN COHEN. 


Received July 5, 1901. 


EW compounds have offered a more interesting study than the 
aromatic aldehydes. Thisis due not to their theoretical value 
alone but to their utilitarian value as well. Gattermann' says that 
in all known aldehydes (containing one or more methyl groups 
in the benzene ring) prepared by the Gattermann-Koch method,’ 
the aldehyde group always occupies the f-position relative to a 
methyl group.’ The object of this paper was to determine whether 
the aldehyde could enter the benzene ring without occupying a 
p-position to any of the methyl groups which resulted in the 
preparation of 2.5-dimethylbenzaldehyde, the establishment of 
its constitution and the preparation of some of its derivatives. 


PREPARATION OF 2.5-DIMETHYLBENZALDEHYDE. 
CH, 
ae 


SY 


| 
| COH 


| 
CH, 


2.5-Dimethylbenzaldehyde was prepared according to the 
Gattermann-Koch method,’ which depends upon the action of the 
hypothetical formyl chloride upon aromatic hydrocarbons in the 
presence of aluminum and cuprous chlorides. The temperature 
of the xylene mixture was kept at 40° and the time required for 
the thickening of the mass varied from five to ten hours, depend- 
ing upon the quality of the aluminum chloride used. The double 
compound of aldehyde and aluminum chloride was decomposed 
by transferring to a flask containing ice and the aldehyde and 


1 Ber. d. chem.,Ges. 30, 1622. 

2 Jbid., 30, 1622; Wilhelm Graf: Inaug. Dissertation, 1899, Universtats Buchdruck- 
erei von J. Horning, Heidelberg ; /. prakt. Chem. Neue Folg., 62, 1900. 

3 Ber. d. chem. Ges. 30, 1622. 
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unchanged xylene removed by steam distillation and taken up 
with ether. After removing the ether by distillation, the residue 
was subjected to repeated fractional distillation. The aldehyde 
distilled over at 219°-229° (uncorr.) asa colorless liquid which 
quickly turned to light yellow, due to its ready oxidation. 


CH, 


Fn 


| 

| 

AICI, + HCI 
XS 


CH, 
CH, 


cy 


O 

' Agua? 
_ICH + AICI, 

a 


a 
CH, 

The aldehyde does not form an addition product with a satu- 
rated solution of sodium bisulphite' which makes the usual 
method of purifying the aldehydes by their conversion into the 
corresponding bisulphite compounds impracticable. The alde- 
hyde was dissolved in very weak alcohol and then shaken for two 
days in a shaking machine with a saturated solution of pure so- 
dium bisulphite dissolved in water. 

The analysis gave : 

0.1400 gram of the substance burned with cupric oxide gave 0.4140 gram 
carbon dioxide and 0.0933 gram water, equivalent to 0.1129 gram carbon 


and 0.0140 gram hydrogen. 
Calculated for Found. 
CoH 00. (134). 
80.64 


7.42 


2.5-Dimethylbenzaldehyde is a colorless liquid with the char- 
acteristic benzaldehyde odor. It oxidizes very readily. Upon 
distillation a residue remains which, upon cooling, crystallizes in 
colorless needles. Onexposure to the air it changes to a light 
yellow color and subsequently to prismatic needles which melt at 


1 The yellow commercial sodium bisulphite was not obtainable and consequently not 
tried. 
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the melting-point of the corresponding acid.' It oxidizes so 
readily that upon distillation, air must be excluded from the 
apparatus and the distillate quickly cooled in ice-water. It is 
soluble in all the common solvents except water. 


PREPARATION OF 2.5-DIMETHYLBENZOIC ACID. 


CH, 


“as 
o 


\ _/COOH 


NN 


ia 

By the oxidation of 2.5-dimethylbenzaldehyde to the corre- 
sponding acid the position assumed by the aldehyde group in the 
benzene ring and consequently the constitution of the aldehyde 
was determined. 

Since chromic acid and potassium permanganate oxidize the 
methyl group as well as the aldehyde group a strong solution of 
sodium hydroxide was used. Two grams of 2.5 dimethylbenz- 
aldehyde and a cold solution of 1.8 grams of sodium hydroxide 
dissolved in 1.5 grams water were placed in a well-stoppered 
bottle. The bottle was placed in a shaking machine and shaken 
until a permanent emulsion was formed. After standing for 
several days this hardened to a yellow solid. The corresponding 
alcohol and the sodium salt of the corresponding acid were formed. 
The alcohol was removed by treating with water and extracting 
with ether. Upon acidifying the aqueous solution with dilute 
hydrochloric acid the 2.5-dimethylbenzoic acid separated as a 
white crystalline precipitate. Recrystallized from 50 per cent. 
alcohol it melted at 124°-125° (uncorr.). A 50 per cent. alcoholic 
solution was boiled with animal charcoal and filtered. The 
precipitate formed on cooling melted at 124°-125°. 


CH, 
— a COH + NaOH = 


od 


CH, 


1 See 2.5-dimethylbenzoic acid. 
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CH, CH, 
Nie ae 
\ Pit ca / H,OH 
CH, 


The analysis gave : 


0.1006 gram burned with cupric oxide gave 0.2657 gram carbon dioxide 
and 0.0585 gram water equivalent to 0.07246 gram carbon and 0.0065 gram 
hydrogen. 


CH, 


Calculated for 
CoH 902(150). Found. 


Carbon k 72.02 
Hydrogen " 6.46 
2.5-Dimethylbenzoic acid forms colorless needles of the mono- 
or triclinic system. 2 6 = 58° 21’.' 
External angle measured on o10 = 48° 36’. 
2a: 6:0¢=o10 = clinopinacoid. 
@: 6:@¢=I!10 = prism. 
©a:0b: c= oor = basal pinacoid. 
a:0b:ac = Ior = orthopinacoid. 

These crystals are soluble in methyl alcohol, ethyl alcohol, 
toluene, xylene, benzene, chloroform, and acetone. ‘They are 
insoluble in cold and hot water. When boiled with pure animal 
charcoal and 50 per cent. alcohol, the filtrate turns slightly blue ; 
the same blue color is observed during combustion. 

If the aldehyde group always occupied the para position rela- 
tive to a methyl group and if it were possible for the aldehyde 
group to exchange positions with one of the methyl groups, one 
of four acids of the corresponding aldehydes, vzz., p-tolyl acet- 
aldehyde, 2.4-, 3.4-, or 2.5-dimethylbenzoic acid, might have 
formed. 

Paratolylacetic acid oxidizes with chromic acid to terephthalic 
acid and has a lower melting-point than that found.’ 2.4- and 3.4- 
dimethylbenzoic acids also have different melting-points and 
different physical properties. Jacobson’ preparéd an acid,* which 
he called f-xylic acid, by the action of monobromparaxylene 
upon amalgam and phosgene dnd which melted at 132°. Healso 
obtained a p-xylic acid which melted at 163°.  Fittig and 


1Kindly determined by Dr. Berkey. 

2 Ber.d chem. Ges., 1§, 17444; 42, 1882. 

3 Jbid., 1888, p. 1933: 22, 1230; 20, 2051; 18, i281. 
4 [bid., 14, 2111; 17, 2374. 





598 EVERHART P. HARDING AND LILLIAN COHEN. 


Laubinger' prepared an acid by oxidizing pseudocumene with 
dilute nitric acid which melted at 163°, and which they called 
p-xylic acid. 

In all probability the so-called ~-xylic acid melting at 163° 
obtained by Jacobson, and the acid obtained by Laubinger and 
Fittig melting at 163°, are the orthoxylic acid recently obtained by 
Graf’ by treating orthoxylic aldehyde with strong potassium hy- 
droxide and which melted at 163°. A further proof that the 
acid formed is neither 2.4- nor 3.4-dimethylbenzoic acid is shown in 
this paper by the comparison of the melting-points of their corre- 
sponding cinnamic acids. 

This proves that the aldehyde group does not occupy a para 
position relative to one of the methyl groups but a meta position 
to one and an ortho position to the other group. 

ALDAZINE OF 2.5-DIMETHYLBENZALDEHYDE. 


The aldazine of 2.5-dimethylbenzaldehyde was prepared ac- 
cording to the method of Curtius and Jay.* Five grams of 
aldehyde dissolved in dilute alcohol was added to a solution of 
2.5 grams hydrazine sulphate dissolved in an excess of water. 
By violent shaking in a shaking machine a light yellow precipi- 
tate formed which, when filtered off, washed consecutively with 
water and cold alcohol, and recrystallized from hot alcohol, melted 
at 114°-114.5°. 


(CH), (CH;), 
| ) Y 
C,H,CHO H,N N=HCCH 


+ |=! 3+ 2H,0. 
,N N=HCC,H, 
(CH;), 
The analysis was: 
0.1091 gram burned with cupric oxide gave at 24° and 741 mm., 10.8 cc. 
saturated nitrogen gas equivalent to 11.799 mg. nitrogen. 


1 Ann. Chem, (Liebig), 151, 273. 

2 Wilhelm Graf: Inaug. Dissertation, 1899, Universtaéts Buchdruckerei von J.H6rning, 
Heidelberg. 

3]. prakt. Chem., Neue Folge, 89, 43. 
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Calculated for 
CigHooNo2(264). Found. 


Nitrogen 10.81 
The aldazine of 2.5-dimethylbenzaldehyde is soluble in methyl 
and ethyl alcohols, ether, benzene, toluene, xylene, and glacial 
acetic acid. It is insoluble in water. 


PHENYLHYDRAZONE OF 2.5-DIMETHYLBENZALDEHYDE. 
CH, 


faa H=N—HN VA \ 
( fe. - Coveted 


Five grams of 2.5-dimethylbenzaldehyde dissolved in an equal 
weight of alcohol were added to a mixture of 1.8 grams of phenyl- 
hydrazine dissolved in a mixture of two grams of glacial acetic 
acid and an equal volume of water. Upon shaking, the hydrazone 
separated as a yellowish-white precipitate which, filtered, washed 
consecutively with water and cold alcohol, and recrystallized from 
glacial acetic acid, melted at 84°-85.5°. 


(CH;), 
Yi 


(CH;), 


UY 
H,O + C,H,CH = N—NHC,H, 

It is necessary to conduct this experiment quickly, as the hydra- 
zone is very unstable. The crystals soon turn a yellowish brown 
and subsequently a deep red. This red color appears when an al- 
coholic solution of the hydrazone stands for some time; also when 
the hydrazone is placed in an exhausted desiccator. 

Analysis : 


0.0542 gram burned with copper oxide gave at 17° and 750 mm., 6 cc. of 
saturated nitrogen gas, equivalent to 6.870 mg. nitrogen. 


Calculated for 
Ci5sHy6Ne(224). Found. 


Nitrogen 12.67 
Hydrazone of 2.5-dimethylbenzaldehyde is soluble in ethyl and 
methyl alcohols, ether, benzene, toluene, and xylene. It is in- 
soluble in water. 
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OXIME OF 2.5-DIMETHYLBENZALDEHYDE. 
CH 


3 

oe 

g Ps CH=NOH 
CH, 

Two grams of 2.5-dimethylbenzaldehyde were dissolved in 15 
gramsofalcohol. To this solution was added a solution of 1.8 
grams of hydroxylamine hydrochloride in 5 grams of water and 
subsequently a solution of 4.5 grams of potassium hydroxide in 
5 grams of water. The mixture was placed in a small round- 
bottomed flask, provided with a reflux condenser and heated for 
two hours upon a water-bath. The alcohol was then partially 
evaporated and the solution poured into 50 grams of water and 
filtered to remove any unchanged aldehyde. The free oxime 
was then precipitated by the addition of dilute hydrochloric acid. 
The colorless crystalline precipitate was filtered off, pressed 
upon an unglazed porcelain plate and recrystallized from 4o per 
cent. alcohol. 

The crystals melted at 83.5°-84°. 





























(CH;), (CH;), 
jo en Y 
C,H,CHO+H,NOH= C,H,CH=NOH + H,O 
Analysis : 


0.0939 gram burned with cupric oxide gave at 19° and 744 mm., 8 cc. sat- 
urated nitrogen gas, equivalent to 8.752 mg. nitrogen. 


Calculated for 
CoH};NO(149). Found. 


Nitrogen Selisedaiarn. 6 tara ovale ale aia tia emer 9.39 9.32 


The oxime is soluble in ethyl and methyl alcohols, ether, ben- 
zene, toluene, xylene, and acetic acid. It is insoluble in water. 


BENZIDINE DERIVATIVE OF 2.5-DIMETHYLBENZALDEHYDE. 











CH, aa. sey CH, 
feted. Soha fallin es z he 
Or Orr) 
CH, : 


0.75 gram benzidine were dissolved in 5 grams warm alcohol, 
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in a small flask. ‘To this was added 1 gram 2.5-dimethylbenzal- 
dehyde dissolved in two grams alcohol. The contents of the flask 
were gently warmed until a yellow crystalline precipitate was 
formed. ‘This was filtered off by means of a filter-pump, washed 
well with alcohol, and recrystallized several times out of toluene. 
The crystals melt at 187.5° uncorrected temperature, to an opa- 
lescent liquid which remains unchanged at 330°. The condensa- 
tion takes place according to the following equation : 





CH, CH, 
ee oer —_ Ng 
jrhor en —{ N'H,+OHC( - 
7 VFN \ is 
CH, CH, 
CH, CH, 
—_—- se es < J ™ : 7" 
CH=N — N=CH >+ 2H,0 
\ Ae fey Kyla 
CH, | v ie CH, 
Analysis : 


0.08495 gram of the substance burned with cupric oxide gave at 26° and 
746 mm., 5.6 cc. nitrogen equivalent to 6.0564 mg. nitrogen. 


Calculated for 
CapHogNo(416). Found. 


Nitrogen ....eececece ceccesccvece 6.73 7.12 
I. The crystals appear to be orthorhombic. Combination 
forms are chiefly a pyramid and a pinacoid. 
II. The axial ratios are approximately : 
a:6:c=0.5255 +:1: approximately 1+. 
III. Axes 6 and ¢ are very nearly the same length. 
Assuming the pinacoid as basal, the forms are 
(1) @:6: e=111. 
(2) a: 6: o¢=001. 
One prism plane was noticed on one crystal. 
a:b: e¢=T110, 
IV. The crystal is pleochroic, greenish yellow to yellowish 
green, showing greatest absorption parallel to axis 6. 
The crystals of the benzidine condensation, which are of a 
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sulphur-yellow color and very large, are soluble in benzene, 
toluene, xylene, chloroform, slightly soluble in acetone and 
benzine. 

They are insoluble in methyl alcohol, ethyl alcohol, ether, hot 
and cold water. 








ANILINE DERIVATIVE OF 2.5-DIMETHYLBENZALDEHYDE. 
CH, 
















Bsns CH=N« : 
af 


1.4 grams freshly distilled aniline were placed in a small round- 
bottomed flask ; to this, 1 gram aldehyde was added, and the 
mixture heated for three hours on awater-bath. Then the sub- 
stance, a golden brown liquid, was allowed to stand several days. 
Upon placing the flask into ice-water, crystals with a yellow tinge 
separated out. These, recrystallized from not too dilute alcohol, 
melted at 51° tincorrected temperature. 

If too dilute alcohol is used the condensation product breaks 
up into its original constituents. The reaction is analogous to 
that of the benzidine condensation. 





CH, 
CH==N LY + H,O 


CH, ; 
Analysis : 
0.0410 gram of the substance burned with cupric oxide at 29° and 752 mm., 


gave 2.5 cc. nitrogen, corresponding to 2.77 mg. nitrogen. 


Calculated for 
Ci5H5N (209). Found. 


Nitrogen. ...ccccccsccccccsce sees 6.69 6.78 
The crystals form glancing plates very soluble in ether, methyl 
alcohol, ethyl alcohol, benzene, toluene, xylene, and benzine. 
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Water decomposes the compound very easily, forming aniline and 
aldehyde. 
2.5-DIMETHYLCINNAMIC ACID. 
_ CH, 


eee oe 
wee 
CH, 


1.25 grams freshly distilled aniline were placed in a round-bot- 
tomed flask, and to this 1 gram redistilled 2.5-dimethylbenzalde- 
hyde was added. The flask was provided with a safety-tube 
about two feet long, which prevented the entrance of any mois- 
ture. 

The mixture was boiled three hours on a water-bath ; then the 
temperature was raised a little above 100°. 

One gram malonic acid dried at 100° for one hour was dissolved 
in absolute alcohol and added to the solution. 

The golden brown liquid was allowed to stand over night, the 
safety tube being plugged to keep out the moisture, 

In the morning a light colored crystalline mass formed, which 
contained no trace of.the green color often formed as a by- 
product. 

In order to remove the aniline set free in the reaction, 3 grams 
of concentrated hydrochloric acid diluted with 3 grams water 
were added, and the substance was allowed to stand three-quarters 
of an hour. At the end of this period, the aniline hydtochloride 
was filtered off, and the residue washed with water until the wash- 
water remained clear. The residue was then thoroughly extracted 
with hot benzine. White needles crystallized out of the benzine 
solution, which melted at 176.5° uncorrected temperature, when 
recrystallized out of alcohol. 

The yellow substance remaining in the flask was a dye, which 
dissolved in alcohol to a red-green fluorescent liquid. This was 
formed as a by-product. 


CH, 


CH, 
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CH, 
CH=N ¢ + H,0. 
CH, oe 
CH, 
< : . COOH 
X ,CH=iN +H, = - 
: COOH 
CH, 
CH, 
ad Con 
\ NH,+ CcCH=C * he me 
\ : COOH 
CH, 
CH, 
Di i: 
CH, | 
Analysis : 


0.1440 gram burned with cupric oxide gave 0.3970 gram carbon dioxide 
and 0.0872 gram water ; equivalent to 0.10827 gram carbon and 0.00968 gram 


hydrogen. 

: Calculated for 

| C11H_02(176). Found. 
SIGRMNNL Soin) Gans \o:pd eas Hee ee ale anes 75 74.98 
Hydrogen ...-.ececceseccee cece 6.81 6.71 


The crystals belong to the triclinic system and have indefinite 
faces. The extinction angle is high. 

2.5-Dimethylcinnamic acid is soluble in methyl alcohol, ethyl 
alcohol, ether, chloroform, benzine, benzene, toluene, xylene, and 
acetone. It is insoluble in cold water, but soluble in a great ex- 
cess of hot water. 

2.5-Dimethylcinnamic acid acts as an unsaturated compound, 
forming with bromine a brom compound and with hydrogen a 
hydrocinnamic acid. 
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2.5-DIMETHYLHYDROCINNAMIC ACID. 
CH, 


pe —CH,—COOH 


CH, 

Two grams dimethylcinnamic acid were treated in a small flask 
with 2 grams water and sufficient dilute sodium hydroxide was 
added torender the solution clear and weakly alkaline. Thesodium 
salt of the cinnamic acid which is soluble in water was formed. 

To form the hydro. compound 2 grams of 4 per cent. sodium 
amalgam were added very gradually in order to utilize all the 
hydrogen generated. When all the mercury had been set free 
the contents of the flask were gently warmed on the water-bath, 
and then the mercury was filtered off. 

Dilute hydrochloric acid was added to the filtrate until all the 
acid was separated out as a white precipitate. This was filtered, 
pressed, and dried on a porous plate, and crystallized twice from 
benzene. The needle-shaped crystals melt at 111.5° uncorrected 


temperature. 
The reduction takes place in the following manner : 
CH, 
\ CH=CH — COOH + H, = 
\ 
CH, 
CH, 


/ CH, — CH, — COOH 


CH, 


TRITHIO DERIVATIVE OF 2.5-DIMETHYLBENZALDEHYDE. 
CH, 


>CHS 








is. Si 3 
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One gram 2.5-dimethylbenzaldehyde was dissolved in 7.5 grams 
absolute alcohol. Three grams of concentrated hydrochloric 
acid were added to this solution. A rapid stream of hydrogen 
sulphide was passed through this mixture three and a half hours 
at room temperature. 

The solution first turned blue, due to formation of the mono- 
thio derivative, then a white precipitate separated out,.and at the 
end of the reaction a pinkish yellow adhesive mass mixed with a 
predominant amount of a chalk-like precipitate had formed. 

The supernatant liquid was poured off, the residue thoroughly 
washed with alcohol and then pressed and dried on a porous 
plate. 

The substance dissolved in benzene would not crystallize. A 
crystal of iodine was then added to the solution, which was then 
allowed to stand several weeks, when large colorless plates of the 
monoclinic system separated out. ‘These were recrystallized from 
absolute alcohol. 

Melting-point = 110° uncorrected temperature. The thio de- 
rivative is a polymer. 


CH, 


>CHS| + 3H,0 


3 


Owing to the small amount of the pure substance obtained, no 
combustion was made, but the molecular weight was determined 
by the depression of the freezing-point. 


Weight benzene Weight of Substance in 
used. substance used. solution. Freezing-point Freezing-point 
Grams. Gram. Per cent. of solvent. of substance. 


11.2186 0.0522 0.46 3.80 3.84 
Depression = 0,04. 


Calculated for 
(CoHy0S)3. Found. 


450 453-7 
The crystals are soluble in benzene, absolute alcohol, chloro- 
form and insoluble in water. They possess the peculiar character- 
istic odor of the aromatic thioaldehydes. 

















[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 59. ] 
THE ELECTROLYTIC METHOD APPLIED TO URANIUM. 
By LILy GAviT KOLLOCK AND EDGAR F. SMITH. 
Received July 5, r90r. 
HE purpose of the present communication is to call attention 
to the conditions under which uranium can be quantita- 
tively determined in the electrolytic way in solutions of the ace- 
tate, the sulphate, and the nitrate, and also to record several sepa- 
rations of uranium by the same means from other metals. It is 
not necessary to comment further upon the form in which the 
uranium is precipitated or upon the way in which the deposit is 
subsequently treated in order to weigh it, as those points have 
received sufficient attention elsewhere.’ 


ELECTROLYSIS OF URANIUM ACETATE. 


ce. 2 g = 
a: Ba § F & 7 gi ~ b « a 
DS 8s Ag 5 5S eS oe ob i be 
I 0.0986 0.2 125 N.D.y,;=0.29 A 16.25 70 5 0.0988 - 0.0002 
2 0.0086 0.2) 126. NDE, 6.5" “A 19:2 7 5 0.0989 + 0.0003 
3 0.1972 0.2 125 N.D.y,=0.55 A 13.5 70 4 0.1968 —0,.0004 
4 0.1972 0.2 12§ N.D.y,=0.3 A 10.75 7O 6 0.1970 —0,0002 
5 0.1972 0.2 125 N.D.p,=0.135 A 5.5 70 5 0.0966 —0.0006 
6 0.2952 0.2 125 N.D.y,=0.16 A 4.5 75 5 0.2946 —0.0006 
7 0.2952 0.1 12 N.Dig=—o.r A 4.5 JO 7 0.2948 —0.000% 
8 0.2298 o.1 125 N.D.y,=0.09 A 4.25 70 6 0.2297 —O0.O00I 
9 0.2298 0.2 125 N.D.y,;=0.07 A 4.25 7O 54 0.2299 -+ 0.0001 
Io 60,2298 0.1 125 N.D.y;=0.05 A 4.0 65 § 0.2299 - 0.0001 


It was hoped that possibly iron might be separated from ura- 
nium in the acetate solution. Direct experiment demonstrated 
the opposite. The basic iron salt invariably separated when the 
temperature of the solution rose to 50°C. Further, the presence 
of iron in the solution apparently retarded the precipitation of 
the uranium, as none of the hydroxide of the latter separated 
with a current of 0.18 ampere and 8 volts. On adding chrome 
alum to the uranium acetate solution containing 2 cc. of free 
acetic acid and increasing the voltage to 20, there occurred no 

1 Am. Chem. J., 1, 329; This Journal, 20, 279; and Smith’s ‘“‘Electrochemical Analysis,” 
P. 94- 














































608 LILY GAVIT KOLLOCK AND EDGAR F. SMITH. 


deposition of uranic hydroxide ; the chromic oxide on the other 
hand was converted into chromic acid. 


THE ELECTROLYSIS OF URANYL, NITRATE SOLUTIONS. 


UrgQ, Temper- j Ur303 
present Dilution. ature. Volt- Time. found in 
in grams. cc. gs Current. age. Hours. grams. 


0.1222 125 75 N.D.19; = 0.035 A 4.6 53 0.1225 
0.1222 125 65 N.D.49; = 0.04 A 2.25 7% 0.1218 


Quantitative results were also obtained by the electrolysis of 
the sulphate. The neutral salt solution was diluted to 125 cc. 
and heated to 75° C., when a current of from 0.02 to 0.04 ampere 
for 107 sq. cm. of cathode surface and 2.25 volts was passed. 


ELECTROLYSIS OF URANYI, SULPHATE. 


# 's 

S 3 a 

“a 5 5 = g, wt 2 L . a 

oo 2 7 E Ss $3 4é g 5 

e Ss ot U,: = ©) aa ee  & 

bs AS HY o om D be bo 
0.1320 125 75 N.D.39; = 0.02 A 2 6} 0.1320 hee 
0.1320 125 75 N.D.39; = 0.02 A 2 53 0.1322 -+ 0.0002 
0.1393 125 75 N.D. 39; = 0.04 A 2.35 -5§ 0.1395 -+ 0.0002 
0.1393 125 70 N.D.49; == 0.038 A 228) g 0.1392 —0,000I 


THE SEPARATION OF URANIUM FROM BARIUM, CALCIUM, MAGNE- 
SIUM, AND ZINC. 


In the paper by Smith’ to which reference has already been 
made, he calls attention to the separation of uranium in the elec- 
trolytic way from the alkali metals and from barium. Actual 
results are given. It seemed desirable to amplify the suggestion ; 
hence the presentation of the results given below. It may be 
said here, that in attempting to separate nickel and cobalt no 
satisfaction could be obtained, so that eventually that particular 
line of experiment was abandoned. During the precipitation of 
the urano-uranic hydrate the dish should be well covered so that 
as little evaporation as possible occurs. It was observed that in 
case of evaporation there was danger of other salts separating 
upon the exposed metal and on refilling with water the uranium 
precipitate was apt to enclose the same and thus carry with it a 
slight impurity. This precaution is especially necessary in the 
separation from zinc. 

1 Loc. cit. 
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in grams. 
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2 o.1116 
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present 
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O.1116 
oO.1116 
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in grams. 
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2 o.II02 
3 0.1120 
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in grams. 


0.1120 
O.IIO2 
0.1102 
0.1102 
0.1102 
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ELECTROLYTIC METHOD APPLIED TO URANIUM. 


SEPARATION OF URANIUM FROM BARIUM (ACETATES). 

r= oY v BR 

; £. 3 vs 

v 3 ~ = 
aa sO : S 7 s 

ae oye § . 3 ry} e. 
=a a rs +} bo 8 a 
sf 9 = a v ry Uh O§8 
te &F 2. é. c = 22 $s 
Gf 82 AS HY 5 > om’ Du 
OFT +015 125) ‘Jo NiDig, 0.02 A «2 5} O.1FIG 
O11 0.5 125 65 N.D.y,;=0.04A 8 5} O.III7 


oO.II 


4 
N 


125 7O N.D.y,;=0.1 A 4.5 4 0.1117 


SEPARATION OF URANIUM FROM CALCIUM (ACETATES). 


$, be : 5 
Be 4. E 3 

a 5 3 
He 38 g & < Fi TT 3 
2249 Bp & g a of &¢ 
Ss. an & E it 2 88 S&& 
SE OS By OG “ es = sé 
Of M2 AG HY S) > Gm pis 
0.1. 0.2 125 7O N.D.y, == 0.025 A 2.25. 64 0.1153 
OI 0.2 12§ Jo N.D.»,=0.04 A 2.5 5} O.11I4 
0.1 0.2 125 70 N.D.y,;==0.05 A 2.25 4} O.1II3 
0.1 0.2 125 7O N.D.q,=0.025A 2.0 4} O.III5 


og 5 
20 ry = 
=| bee 5 S 
Sa 0 2 3 
a”. 38 ; . 3 
df5 98 5 § = ao 
Fug Ye S = v c Ge Az 
evs Oc =. & : = £2 Fs 
Sy U¢j 3 ° = = 
Bam fe AY HY 3) > 8H Db 
0.1 ‘OF 196 “Jo N-Dig 0.0068 225 G6 O.rrtS 
0.1 OL 125 7O N.D..9,=0.05 A 2.25 5} 0.1104 
0.1 OF 125 95 N.Dig, 0.15 A 4.0 4 O.ITIQ 


SEPARATION OF URANIUM FROM ZINC (ACETATES). 





| Y =| 
= = Fi * 

= & 4) 

7) et 2 = 

Dn on ° = Ss 

uv vv S - vey Py ° 

- . oS = v : ~ . 
Qgeo a & g a a8 6f 
v8 YS 38 a = = ¢g§32 Sg 
Se ne 2d 86 = Oo *.8 0 rE 
No 8s AG HE 15) > #2 Pe 
0.1 0.1 125 7O N.D..9,;=0.021 A 2.25 6 a.1120 
0.2 0.2 12 7O N.D.»;=0.017 A 2.25 6 0.1099 
0.1 0.1 125 7O N.D.y;=0.02 A 2.2 6 O.II00 
0.1 0.2 125 75 N.D.;==0.025A 4.4 4} 0.1103 
0.15. 0.2 125 75 N.Day=O01 A 2.2 6 O.11OS 
0.2 0.2 125 |75 N.D.39;==0.02 A 2.25 6 0.1099 
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Error in 
grams 


x § 


gh: 


Error in 
grams. 


— 0.0003 
- 0.0002 
— 0.0003 
— 0.0001 


SEPARATION OF URANIUM FROM MAGNESIUM (ACETATES). 


Error in 
grams. 


— 0,000I 
-++- 0.0002 
- 0,000I 


Error in 
grams 


— 0.0003 
-— 0,0002 
+ 0.0001 
-+- 0.0003 
— 0,0003 
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